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Telephone: (415) 347-9521

February 20, 1978

11r. Philip LaRochelle, AEM-l0O
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Dear Phil:

Attached are copies of viewgraphs presented to the Denver
Stapleton Task Force concerning the impact of the closure
of Runway 8R-26L on aircraft delay. Should you desire
additional informnati~on, please let me know.

Sincerely,

Stephen L. M-. JFockaday
Manager

sW:.H/J c
Enclosures

bcc: TFD Correspondence



PRELIMINARY DELAY ANALYSIS STEPS

1 ESTABLISH DEMAND IN EACH HOUR

2 ESTABLISH DEMAND PROFILE WITHIN HOUR

3 COMPUTE CAPACITY IN EACH HOUR

4 COMPUTE DELAYS IN EACH HOUR

5 CALCULATE DAILY DELAYS
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DELAY INCREASES DUE TO CLOSHRE OF RUNWAY SR-26L
(MI NUTES/AI RCRAFT)

RUNWAY AUGUST 1977 DEMAND LESS 14%

USE PEAK HOUR DAILY

A 4,5 2.6

B 4,5 40,6

C 1.2 0.7



DELAY INCREASES DUE TO CLOSURE OF RUNWAY 8R-26L

(MINUTES/A IRCRAFT)

RUNWAY AUGUST 1977 DEMAND PLUS 10%
USE PEAK HOUR DAILY

A 46.0 43.1

B 127.6 120.1

C 2.3 1.6

...... .. .. ..i



DELAY INCREASES DUE TO CLOSURE OF RUNWAY 
8R-2L

(I NUTES/A I RCRAFT)

RUNWAY AUGUtST 1977 DEMAND
USE PEAK HOUR DAILY

A 17.3 11.9
B 106.8 93.8

C 1.7 1.2



Telephone: (415) 347-9521

February 20, 1978

Mr. Philip LaRochelle, AEM-100
Federal Aviation Administration
300 Independence Avenue, S.W.
Washington, D.C. 20591

Dear Phil:

Following up on our discussion at the Denver Task Force
meeting on February 3, 1973, attached is a breakdown of
arrival and departure aircraft delays for the Denver
experiments concerning the closure of Runway 8R-26L. If
you have any questions, please lot me know.

Sincerely,

Stephen L. 11. Hockaday
Manager

Sl H/j c

2nclosure

cc: x. Fred Jaeger

bcc: Mr. Herb Hubbard, UAL
TFD Correspondence
H. Fan
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9 DATA PACKAGE
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| PEAT. NAHRwICK. MITCHELL & CO.
P.OOX 8007

SAN FaRA TCISCO ITNZENAITIONAL AIRPORT

SAN TH-ANCXSCO, C.T. MONA 94128

Telephone: (415) 347-9521

March 2 1978

i
I Mr. Phillip J. LaRochelle AEM-100

Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Model Calibration and

Delay Experiments

Dear Phil:

Enclosed are some data materials that I plan to hand out
at the second Stapleton Task Force meeting on March 7
1978:

" Attachment A contains the preliminary
calibration data package. Additional
data is required from NAFEC and the
Task Force to complete this package

* Attachment B contains a preliminary
description of the inputs to be changed
for each simulation model delay experi-
ment.

" Attachment C contains the preliminary
annual delay baseline data package.

* Attachment D contains a preliminary
description of the inputs to be changed
for each annual delay experiment.

" Attachment E contains a list of
additional delay experiments
discussed at the previous Task
Force meeting.

I
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P M. M. &6 Co.

Mr. Phillip J. LaRochelle

March 2, 1978

Each of these attachments contain information that should be
reviewed, revised, and approved by the Stapleton Task Force
prior to use in model runs.

After the descriptions in attachments B and D have been
approved by the Task Force, we will prepare complete data
packages for each experiment.

ISincerely,

StephnL. MHockaday

Manager

SLMH/nbe

Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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I Attachment A

I
I PRELIMINARY CALIBRATION DATA PACKAGE

I

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7, 1978
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INPUT DATA

F a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model Calibration Run

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: To be based on reduced field
data.

4. Print Options: Detailed run for one random number seed.
Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: To be based on reduced field data.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: To be based on reduced field data.

11. Runway Identification: To be based on reduced field data.

I



12. Departure Runway End Links: To be based on reduced
field data.

13. Runway Crossing Links: To be based on reduced field

data.

14. Exit Taxiway Location: To be based on existing airfield
configuration and only those exits
used during field data collection
for calibration.

15. Holding Areas: Holding for two aircraft in area south of
Concourse B (Taxiway C3/Dl between
Runway 7 and Runway 8L). All additional
holding will be assumed to occur north of
Concourse D in hangar area.

16. Airline Gates: Airline Gates

Rocky Mountain--' A-01, A-02, A-03E,
A-03W

Aspen-," A-04, A-06

United ? (A- 7 B-07,
-1,B-1 5,

B-17, B-02, B-04,
B-06, B-08, B-10,
B-12, B-14, B-16,
B- 8-

Braniff-' B-01, B-03, B-05A,
E-05B

Western. C-01, C7.O3, C-05,
CO2 , C-04, C-06,

Continental,, C-07, C-09, C-11,
C-15, C-10, C-12,

C-14, C-16

Trans World,, D-01, D-03, D-05,
D-07, D-09, D-11

Ozark-J D-15, D-17

DeltasD-l(3

North Central,/ D-32



V

Texas International- D-30, D-28, D-26

9 Frontier - D-34, D-24, D-22,
D-20, D-18, D-16,
D-14, D-12, D-10,
D-08, D-06, D-04,
D-02

I Third Level Carrier Cargo area by
Concourse A

g 17. General Aviation Basing Areas:

Name Basing Area Code

Combs Aviation or GC
Beechcraft Aviation s GB
Atlas Aviation . GA

C. ATC PROCEDURES

18. Aircraft Separations: These values are based on capacity
model data--may be revised as a
result of reduced field data.

Arrival-Arrival Separation (n.m.) - All cases except
as noted.

1. VFR

Trail Aircraft Class
IA B C D

Lead A 1.4 2.3 2.8 2.9 O'S
Aircraft B 1.4 .2.4 3.2 3.4 0

Class C 1.9 3.0 -3.6 /3.6 0 S
D 3.7 5.1 4.5 4.3

1 2. IFR

Trail Aircraft Class
A B C D

Lead A 3.0 3.0 3.0 3.0
Aircraft B 3.0 3.0 3.2 3.4

Class C 4.0 4.0 3.6 3.6
D 6.0 6.0 5.0 4.3



Departure-Departure Separations (seconds)

1. VTrail Aircraft Class

A B C D

Lead A 45 45 55
Aircraft B 50 t 60/  60

Class C 5.5Sb '6Q 601 60,/
D 120/ 120 2-a 100I

2. IFR
Trail Aircraft Class
A B C D

Lead A 60 60 60 60
Aircraft B 60 60 60 60

Class C 60 60 60 60
D 120 120 120 100

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:

1. Taxiway C2 between Runway 8L and apron taxiway
to south of Concourse B.

2. Taxiway C3.

3. Taxiway C4.

4. Apron Taxiway to south of Concourse B.

5. Apron Taxiway between Concourse B and Concourse C.

6. Apron Taxiway between Concourse C and Concourse D.

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

25 A 1.0
26R A 3.0

B 3.0
C 5.5
D 5.5

26L A 5.5
B 5.5
C 5.5
D 5.5

o,,, . °.;



22. Vectoring Delays:

This input normally allocates delays among vectoring and
holding. With profile descent at. Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure queue length
Departure for diversion to
Runway alternative runway

. 35L (Air Carrier) 5 (then divert to 35R)

35R (Air Carrier) No diversion

26R (GA) No diversion

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway is
10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other Centers
do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed in
the arrival airspace to release departures.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only inter-
rupted for a taxiing aircraft to cross an active runway
when the taxiing aircraft is delayed by 5 minutes or
more.

I
I



d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization (percent)
A/C aso IS --s4 3SL. =S s S5Class C-8 C-7 C-5 C-4 C-3 C-2 End

Runway A .
26L B 3' 6Z -

C U0 -1 3654- 1,

A/C 3+7 S's 316 1 '12%

Class D-3 D-2 C-4 D-1 C-3 End

Runway A M4C4I -
26R B " '914 4+ 7r

C 7 2 494-7 7 "7,,
D "")K "35oo

A/C 1
Class D-3 End

Runway A 100O
25 B 100

29. Arrival Runway Occupancy Times:

Runway Occupancy Time (seconds)
A/C ss I '111 ~ - I Is 3-1 lsi c

Class C-8 C-7 C-5- 4--> C-3 C-2 End

Runway A >Ei W 1- -
26L B *8 51 4 16 c

C 35 'N44 ,6Q 5+ &S2 "
D 52 6261 .0~ 7 6

A/C 1,-7 I3S 31(.~--

Class D-3 D-2 C-4 D-1 C-3 End

Runway A :Ir 65srz
26R B 4Q * 3(.Z 4-1 6

C U31 'K7 '56 f -4
D -7

I
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A/C

Class D-3 End

Runway A 45
25 B 40

30. Touch & Go Occupancy Times:

Aircraft Runway Occupancy Time (seconds)
Class Mean Standard Deviation

A 22
B 23
C 27 :
D 27

31. Departure Runway Occupancy Times:

Aircraft Runway Occupancy Time (seconds)
Class Mean Standard Deviation

A 23
B 26
C 37
D 37

32. Taxi Speeds: To be based on reduced field data.

33. Approach Speeds:

Aircraft Approach Speed (Knots)
Class Mean Standard Deviation

A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: To be supplied by Task Force.

35. Airspace Travel Times: To be based on reduced field
data.

36. Runway Crossing Times: To be based on reduced field
data.

37. Lateness Distribution: To be supplied by Task Force.

38. Demand: To be based on reduced field data.

II
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I OUTPUT DATA

P Fo Rts T be ae o rdcd il dt

A. Flow Rates: To be based on reduced field data.

IB. Delays: To be based on reduced field data.

I C Travel Times: To be based on reduced field data.

I
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Attachment B

I PRELIMINARY DESCRIPTION OF INPUTS TO BE CHANGED
FOR SIMULATION MODEL DELAY EXPERIMENTSI

I
I

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

I
I
I
I
I

Peat, Marwick, Mitchell & Co.

March 7, 1978

I
I I
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INPUT cHANGzS FOR SIMULATION EXPERIMENT NUMBER A.

I1 Inputs for this experiment are identical to inputs for

-calibration run - -___-except as
indicated below.

T ER- ATTE S
sIMLATION MODEL INPUTS TUY DEMAND ER SYSTE NUMBE

CASES IMPROVE NUMBER
,,UA NDL~T' S CROS

a. Logistics

I Title 1 1

2 Random number seeds 2

3 Start and finish times U 3

4 Print options 3 4

5 Airline names 5 S

6 Processing options 6

7 Truncation limits 7

8 Time switch 9

b. Airfield Physical Characteristics

9 Airfield network 9
10 Number of runways 10
11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 3 14

15 Holding areas 15

16 Airline gates 3 3 16

17 General aviation basing areas 17

.. ATC Procedures

18 Aircraft separations is__3 18

19 Route data __ 19

20 Two-way path data 3 20

21 Commn approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 3 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service tu.mes 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38



I nputs, f or this experiment aeintclto inputs for

* indicated below.

NEAR- ATC
S14ULATION MODEL INPUTS STUDY DEMAND TERM SYSTEM INPUT

CASES IMPROVE- NUMBER
I TS SCENARIOS

a. Logistics

1 Title 1
2 Random numbert seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

I Tim switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

.. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Comon approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service tipes 34

35 Airspace tr:avel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38



INPUT CHANGZS TOR SIMULATION !EIXLN UE 3-

Inputs for this experiment are identical to inputs forS_ _ experiment number 2 except as
indicated below.

'SUDYI NEAR- ISATC INPUTSIULTONMDEDNPT DEMAND TERM SYSTEMSIUATO ODLINUSCASES IMPROVE-CNRO NUMBER

a a. Loistics 
% SE

1 Title 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

S Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Onerational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approac speeds 33

34 Gate service times 34

35 Airspace travel times U 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 3 _8



INPUT ALAM" k*-  
UKU ...... - ..

Inputs for this experiment are identical to inputs for
m m " experiment number except as

indicated below.

DMD NEAR- ATC7 IN
SIMULATION MODEL INPUTS STUDY DEMAND TERM SYSTEM

CASES IMPROVE- NUMBER
MENTS SCENARIOS

a. Locistics

I Title 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

0 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9
10 Number of runways I0

11 Ru;nway. identification 11i

12 Departure runway end links 12

13 Runway crossing links _ 13

14 Exit taxiway location _ _14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations _ _ 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths U 21

22 Vectoring delays 22

23 Departure runway queue control U 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times U 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38

4i4M;4 M



liputs for this experiment are identical to inputs for
S - experiment number _ except as.

indicated below.

i 'NEAR- ATC INPUT

SzULATIO MODEL INPUTS STUDY. DEMAD ITRM S1STFMCASES •OV' - NUMBER
I PNTS SCENARIOS

a. Loist.ics

ITitle1

2 Random number seeds 2

3 Star and finish t~imes 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation Limits 7

8 Time switch 8

h. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Rimway crossing links 13

14 Ixit taxiway location 14

15 Bolding areas 15

16 Airline gates _16

17 General aviation basing areas 17

c. A-.1C Procedures

18 Aircraft separations 18

19 aoute data 19

20 Two-way path data 20

21 Common approach paths 21

22 'Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Ooe.rational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times I 35

36 Runway crossing times 36

37 Lateness distribution

39 Demand 38
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5inputs for this experiment are identical to inputs for

" a t e d Z 7. e x p e r ie n t n u m b e r e x c e p t a s

i N4EAR- ATC LwPU

I - SCENARIOS

a. Lelastics

1 Title 1 1

2 Radom number seeds 2

3 Star-. and finish times 3

4 Print optLons 4

5 Airline names 5

6 Proceesinq options 6

7 Truncation limits

8 Tim switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identificatian I;

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas is

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft Separations 18

19 Route data 19

20 Two-way path data _ 20

21 Common approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Ooerational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times U 29

30 Toucb-and-go runway occupancy times 30

31 Departure runway occupancy tmes 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35
36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38

Bombs"



Inputs for this experiment are identical to inputs for
.. experiment number 2 except as

indicated below.

I I I NEAR- ATC
SIMULATION MODEL INPUTS Y DEMAD E SY STPMCASES IMPROVEI- A NUMBER

MENTS $CNARTOS

a. logisticsfI Title ___ 1

2 Random numoar seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 NUMber Of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Comon approach path* 21

22 vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Depar-ure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

29 Exit taxiway utilization 28

29 Arrival runtway occupanlcy times 119

30 Touchb-and-go runway occupancy times 30

31 Departure runway occupancy ti mes 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 D0emand 30



Inputs for this experiment are identical to inputs for
experiment number except as

indicated below.

DEADJNEAR- 
AT

SIMULA&TON MODEL INPUTS STUDY DTERM ATSYC itPUT
CASES IMPROVE- S SER

MENTS $C- 4AR!OS
a. logistics

1 Title K 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation li;mit s 7

8 Time switch 8

b A.irfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14
15 as ldinq areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

IS Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Comon approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constra-nts 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Oerational Characteristics

28 Exit taxiway utilization 29

29 Arrival runway occupancy times 29

30 Tuch-and-go -unway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach soeed~s 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

j 3ei Demand -U3



, IN~~~~PUT C:LA%,.D o kr ,., ....

Inputs for t.is exerimnt are identical to inputs for-'- - o experiment, number -_3 except= am

indicated below.

SIMULATIOt MOEL INPUTS STUDY DEMAND TERM INPUTSIUATO OSCASES MPROVE- SYST NUMBER
MKNTS SCENARIOS

1 Titie 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4i5

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 1.

12 Departure runway end links 12

!3 Runway crossing links 13

14 Exit taxiway location "14

15 Holding areas 15

16 Airline gates • 16
17 General aviation basing areas t17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Comeon approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Airtraft Ooerational Characteristics

28 Exit taxiway utilization 28

29 Axrival rway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 ALrspace travel times 35

36 Amnway crossing times 36

37 Latenees distribution 37

31 Deand 38



inputs for this experiment are identical to Inputs for A4
experiment Anuer 4 except as weather

imd.cat.ed below.

ST.... NEAR- AT

SIMULATION 40DEL INPUTS STUDY DEMAND TERM ISYS El NU
CASES IMPROVE - NUMBER

MENTS CES ENAR IOS

a. Loqistics

1 Title 'I 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 A.rline names S

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

. Airfield Phvsical Characteristics

9 Aji.field network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas * 15

16 Airlir4 gates 16

17 General aviation basing areas 17

C. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Commn approach paths __21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24
2S Departure airspace constraints 25

26 Departur e queue 26

27 Runway crossing delay conirol 27

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 3 28

29 Arrival runway occupancy ties_ 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 3_1

32 Taxi speeds U 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing time. • 3

37 Lateness distribution 37

39 Demand K 38 i4



Inputs for this experiment are identical to inputs for
mndicated experiment numoer L except as

idicated blow.

SIMILATION MODEL N STUDY DND NER- INPUTSIMULATION CASES IMPROVE- SSTEM NU .ERMIENTS SCNROSI

1 Title r 1
L 2 Sa-Aom number seeds 1 2

3 Start and finish ti.mes 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

. Ai-field Physical Characteristics

9 Airfield network

10 Number of runways 10

11 Runway identification U1
12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Blding areas 15

16 Airline gates 16

17 General aviation basing areas _____1____ ___ 17

C. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 3 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Overational Characteristics

28 Exit caxiway utilization 3 28

29 Arrival runway occupancy times K 29
30 Touch-and-go r-unway occupancy times 30

31 Departure ru-nway occupancy tims 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times "34

35 Airspace travel times 35

36 Runway crossing times 36

__37 Latenes s dis tr_ ibution 37

38 Deoand [] 38



INPUT C1CAkGE3 kIjz ..- -

Inputs for this experment are identical to inputs for
exper..ment numer 4 except as

izdi.cated below.

DEMAN AC INPU
SIMULATION MODEL INPUTS STUDY DAND R SYSTE INPUTCASE~S MPROVZ- SYSTEMo  NUMBE

MN S CENARIOSI
a. ogistics

1 TitleI

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characterist -cs

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Comon approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

29 Exit taxiway utilization _ 28
29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32
33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38



INPUT CANG-S FOR 5i..ULAxIUh L"t XJ.N . Nu -erar.. u

Inputs for this experiment are identical to inputs for
experiment number except as

indicated below.

SIMULATION MODEL INPUTS ST'Y DE.,AD TERM Y INPU
'ocistics

Random number seeds 2

Start and finish times 3
--'4 Print options 4

5 Airline names 5
6 Pr-ocessing options 6

7 Truncation limits 7
8 Time swtch8

Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

- U Runway identification 11

12 Departure runway end links 12
Runway crossing links 13

- Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

ATC Procedures

18 Aircraft separations

19 . Route data 19

20 Two-way path data 20

omon approach paths 21

2 Vectoring delays 22

23 Departure runway queue control 23

24 Gte hold control 24

25 D-.arture airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

.'- ircraft Operational c.aracteristics

i 28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

7130 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

I Taxi speeds 32

- Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times U 36

37 Lateness distribution 37

-I 38 Demand 38

, ' - ,



Inputs for this experiment are identical to inputs for
.. .... experiment number 16 except as

in.icated below.

SIMULATION MODEL INPUTS STUDY DEMAND TERM- INPUT
EMPROVE- NUMBER• H~~ENT$SCAR0

a. Logistics

1Title I
2 Random number seeds 2

3 Strt and fi__sh times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristicsi - ____________
9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Depart.ure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

28 Exit taxiway utilization U 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy t.imes 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38



* . inputs for this experiment ar, identical to inputs for
r experiment number 16 except as
indicated below.

TDY NER- ATC
SSIMULATION 140DEL INPUTS STUD DEMAND TERM SSTE INPUT

CASES IMPROVE- S NUMBER
NTS SCENARIOS _

a. Logistics

1 Title 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processi.ng opt-ions 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas is
16 Airline gates 16

17 General aviation basing areas 17

. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gte hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Ooerational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times U 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand U 38

II



Inputs for this experiment are idant cal to inputs for
"Mexperi.mnt numaer __ xeta

indicated below.

NEAR- ATC INPUT

SIMULATION 1ODEL INPUTS ESUDY DEMAND TERM SYSTEM NMBER

MENTS 
CE N ASF

: a. LogiStics

1 Title _ 1

2 Random number weeds 2

3 Start and finish tines 3

4 Print options 4
5 Airline nes 5

6 ProcessIng options 6

7 Truncation limits 7
8 Time switch $

b. Airfield Physical Characteristics

9 Airfild nework 9

10 Number of run ways 10

ii Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Bolding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 vectoring delays 3 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 29

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 3 35

36 Runway crossing times 36

37 Lateness distribution

38 Demand 38

Deletes profile descent
-r - - ~-A



INPUT CtIANGES FOR SIMULATION EXPERIMENT NUMBER 1 y

Inputs for this experiment axe identical to inputs for""IAM0- experiment number --I- except as

indicated below.

DEMAES 1 NEROV- 1SSTE
SIMULATION MODEL INPUTS STY DEMAND TMS, ~~CASES IMP ROVE- SENRO NUMBER

Log. 'istics

I Title 1

2 Random number seeds 2

3 Start and finish times 3

4 Print opt.ons 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7g 8 Time switch a

b. Airfield Phvsical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification il

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15
16 Airline gates 16

17 General aviation basing areas 17

:. TC Pocedures

18 Aircraft separations 19

19 Route data 19

20 Two-way path data 20

21 Comon approach paths 21

22 Vectoring delays _ 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Onerational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31
32 Taxi speeds 32

33 Approach speeds 33

34 Gae service times 34

35 Airspace travel times U 35
36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38



111MT CEANGES FOR SIMULATION EXPERIMENT NUMBER

Inputs for this experiment are identical to inputs for.... expQeriment numer -I except as

indicated below.

E NEAR- ATC INPUT
SItaULATIO MODEL INPUTS STUDY DEMAND TERM SYSTEMCASES IMP ROVE- MEAIO NMBER

I MNTS is uA I

I Title •1

2 Random numboi seeds 2

3 Start and finish times 3

4 Print options 4

S Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data U 19

20 Two-way path data U 20

21 Common approach paths 21

22 Vectoring delays 22-

23 Departure runway queue control 23

24 Gate hold control U 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service t .es 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38

38i



INPUT CWWkGES TOR S______Z"MAW WNEA--

Inputs for this experiment are identical to inputs for
~ experimnent number -I except as

indicated below.

I S T D Y D M A I I N A R - I S C A I S T Ip USIM4ULATION MODEL INPUTS TERM TE sxsT
CASES IMPROVE- NME

a. Lisilticx

I Title _ 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline nams 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 9

b. Airfield PhYsical Characteristics

9 Airfield network 9

30 Number of runways 10

11 Runway identification 1i

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 ircraift separations 18

19 Route data 19

20 Two-way path data 20

21 ,omon approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control U 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Operational Characteristics

2S Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossinq times 36

I38 D*XMd 38



inputs for this experiment are identical to inputs for
calibration run _ ___ except as
indicated below.

NEAR- AC

SIMULATION MODEL INPUTS STUDY DEMAND TERM TE INPUT

I. istEcNTS CENA S

1 Title _ 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limt t 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways _ 10

i1 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links U 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

C. ATC Procedures

18 Aircraft separations i s8

19 Route data 19

20 Two-way path data 20

21 Cosmon approach paths _ 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 2S

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft 2Oerational Charact.eristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupanvI -.imes 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand _____ U38



Inputs for this experiment are identical to inputs form calibration run _E.W. --- ____ except as
indicated below.

SIMMATIO N0L INPUTS STUDY = D T-R ATC IPCAES IPROVE- SYSTEM NUMBRn
SIMUATIO MOEL IPUTS~i% SCENARIOS ~E

a . Lostics

I Title 1 _

2 Random number seeds 2

3 Star and finish timnes n 3

4 Print options 4

5 Airline names 5

6 Processing opt.ions 6

7 Truncation limits 7

8 Tim switch S

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways _ 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 1s

19 Route data U 19

20 Two-way path data 20

21 Cormon approach paths _ _ 21

22 Vectoring delays 22

23 Departure runway queue cont.rol 23

24 Gate hold control 24

25 Departure airspace constrainzs 25

26 Deparure queue 26

27 Runway crossing delay control 27

d. Aircraft Ooerational Characteristics

29 Exit taxiway utilization 28

29 Arrival runway occupancy times 2 __

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing tines 36

37 Lateness distribution 37

39 Demand -U39



inputs for this experiment are identical to inputs for
ed experiment numer 4 except as

indicated below.

J~E " INEAR - A C N
S M L T O MO E IN U SSTUDY DEMAN TN .S .E

S~zRiTzow MODEL INPTS ICASES 4PROVE- S NME

a. Logistics ____

1 Title _ __

2 Rado numbr seeds 2

3 St =r and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limi"s 7

I Time switch 8

_. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways __

11 Runway identification • __

12 Departure runway end links U 1_

13 Runway crossing links 13

14 Exit taxiway location U 14

15 Holding areas U 15

16 Airline gates 16

17 General aviation basing areas 17

ATC Procedures

18 Aircraft separations U __

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 Vectoring delays 22

23 Departure runway queue control • 23

24 Gate hold control U 24

25 Departure airspace constraints _5

26 Departure queue " 26

27 Runway crossing delay control __7

d. Aircraft Operational Characteristics

28 Exit taxiway utilization 2

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy tines 30

31 Departure runway occupancy tines 3.

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times U 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 3 _ _



Inputs for ttais experiment are identical to inputs for
4ni .expermenrt number 3.1 except as

indi~cat.ed be low.

STUDY DEMAN NEAR- ATC NPUTSIMULA ION. MODEL INPUTS S DRM SVST-MCASE MPROVE NRO- ERKNTS SCENAROS

a. .oaistics

I Title1

2 Random numbar seeds 2

3 Start and fxash times 3

4 Print opt.ons 4

5 A1Z-.,ine names 5

6 Processing options 6

7 Truncatt~on limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

I Runway identification

12 Departure runway and links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Azline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 1e

19 Rout* data 19

20 Two-way path data 20

21 C on approach paths 21

22 Vectoring delays 22

23 Deparx.ure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Depar-ture queue 26

27 Runway crossing delay control 27

d. Aircraft O.erational Characteristics

28 Exit taxiway uiilzation 28

29 Arrival runway occupancy times __ 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness dist ribution 37

38 Demand 38



Inputs for this experiment are identical to inputs for
" - experiment number JL except as

indicated below.

ANAR- INPT
'rSIMULATION MODEL INPUTS[ STUDY DEANNRMUTT-|_SESD DEMAN4D .'£ Y SY STEM

CASES iPROVE- NUMBER
S ENT5  SCENARICS

a. lostic.

1 Title 3 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7Truncation limts 7

8 Time switch 8

_. ifield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification i 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 3 14

15 Holding areas U 15

16 Airline gates 16

17 General aviation basing areas 17

c. AT Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Commn approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue U 26

27 Runway crossing delay control 27

d. Aircraft Ooerational Characteristics

28 -xit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Air pace travel times U 35

36 Runway crossing times 3 36

37 Lateness distribution 37

38 Demand 38



inputs for this experiment are identical to inputs for
experiment number 33 except as

, indicated kbelow.

NEA JSf NM I INPUT

SIMULATION MODEL INPUTS CASES DEM.AN PROVE- YSTEMINU

a. LoistiCS

1 Title S S M1

2 Random number seeds 2

3 Start-- and fin ish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification I,

12 Departure runway end links 12

13 Runway crossing links K 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

;7 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations U 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 Vectorinq delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue _ 26

27 Runway crossing delay control _ 27

d. Aircraft Operational Characteristics

28 E.it taxiway utilization 28

29 Arrival runway occupancy times []_ 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times [ 35

36 Runway crossinq times 36

37 Lateness distribution 37

38 Demand 38



Inpu-s for this experlment are identical to inputs for
o w "experLment numoer I except as

indicated below.

STUDY INPUTSMULAT:ON MODEL INPU"TS SS DEMAND TE YST -MMCAE IMPROV ISSAow-S NUMBER
I I ~ MN S CENARIS

a. L Cis --I Cs

I Title 1

2 Random number seeds 2

3 Stat and finish times 3
4 Prin options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 1i

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

I C. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Common approach paths 21

22 Vectori ng delays 22
23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Oerational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand 38



Inputs for this experiment are identical to inputs for
experiment numoer 14except as

indicated below.

SIMULATION MODEL INPUTS _TD DEMAN OSIFU INTE
STUDY DEMAND TER I YSrECASES I MPROVE- NUMBiER

.1NTS SCENARIOS
a. Loistics

I Title 1

2 Random number seeds 2

3 Start and finish times 3

4 Print options 4

5 Airline names 5

6 Processing options 6

7 Truncation limits 7

8 Time switch 8

b. Airfield Physical Characteristics

9 Airfield network 9

10 Number of runways 10

11 Runway identification 11

12 Departure runway end links 12

13 Runway crossing links 13

14 Exit taxiway location 14

15 Holding areas 15

16 Airline gates 16

17 General aviation basing areas 17

c. ATC Procedures

18 Aircraft separations 18

19 Route data 19

20 Two-way path data 20

21 Ccmmon approach paths 21

22 Vectoring delays 22

23 Departure runway queue control 23

24 Gate hold control 24

25 Departure airspace constraints 25

26 Departure queue 26

27 Runway crossing delay control 27

d. Aircraft Onerational Characteristics

28 Exit taxiway utilization 28

29 Arrival runway occupancy times 29

30 Touch-and-go runway occupancy times 30

31 Departure runway occupancy times 31

32 Taxi speeds 32

33 Approach speeds 33

34 Gate service times 34

35 Airspace travel times 35

36 Runway crossing times 36

37 Lateness distribution 37

38 Demand U 38
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PRELIMINARY ANNUAL DELAY BASELINE

DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

I Peat, Marwick, Mitchell &Co.

March 7, 1978



INPUT DATA

!
1. Annual Demand: 465,946 (1977)

2. Group Specification:

3 day groups High, Average, Low
12 week groups 12 months, January through December
3 weather groups: VFR, IFRI, IFR2

7 runway uses : Arrivals Departures
Runway Runway

1. 25, 26 35
2. 35R 35L
3. 17 7, 8
4. 25, 26 26
5. 8 35
6. 17 17
7. 8 7, 8

3. Weekly Traffic:

Week Group 1. 2 3 4 5 6 7 8 9 10 12 12

% of annual
in one week 1.84 1.88 1.84 1.81 1.80 1.95 2.03 2.11 2.01 1.91 1.86 1.96

4. Number of Weeks in Each Group:

Week Group 1 2 3 4 5 6 7 8 9 10 11 12

Number of
weeks 4.43 4.00 4.43 4.29 4.43 4.29 4.43 4.43 4.29 4.43 4.29 4.43

5. Daily Traffic:

Day Group 1 2 3

% of weekly
in one day 14.9 14.5 13.4

I

IA



j 6. Number of Days in Each Group:

Day Group 1 2 3

Number of Days 2 3 2

7. Weather Group Demand Factors:

VFR: 1.00
IFRI: 0.75
IFR2: 0.50

8. Weather Occurrences:

Week Group 1 2 3 4 5 6 7 a 9 10 11 12

% VFR 97.5 95.1 95.6 95.7 98.9 99.6 99.5 99.6 99.1 97.6 97.1 97.5
% IFR1 1.3 1.7 2.1 2.1 0.4 0.1 0.2 0.1 0.1 0.7. 1.4 1.0
% IFR2 1.2 3.2 2.3 2.2 0.7 0.3 0.3 0.3 0.8 1.7 1.5 1.5

9. Hourly Runway Capacity:

Hourly Capacity
Runway Use VFR IFRI IFR

1 170 75 71
2 85 74 70
3 137 74 71
4 95 74 70
5 150 76 71
6 83 74 70
7 93 74 70

10. Runway Use Occurrences:

Percent Occurrence
Runway Use VFR IFR1 IFR2

1 90.00 2.50 2.50
2 ---- -- 1.00
3 22.00 0.05 0.05
4 3.00 ....
5 4.00 0.05 --

6 2.00 --.

7 1.50 ....

Other runway
uses 1.35%I

i
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4
11. Hourly Traffic:

% daily % daily % daily % daily
Hour traffic Hour traffic Hour traffic Hour traffic

00-01 0.8 06-07 1.8 12-13 7.8 18-19 6.5
01-02 0.6 07-08 4.5 13-14 5.9 19-20 5.7
02-03 0.1 08-09 5.5 14-15 7.2 20-21 4.1
03-04 0.4 09-10 7.0 15-16 5.3 21-22 4.1
04-05 0.4 10-11 6.8 16-17 5.9 22-23 3.5
05-06 1.4 11-12 6.1 17-18 6.2 23-24 2.4

12. Demand Profile Factor: 35%

13. Runway Use Demand Factor:

All runway uses accommodate air carrier and general
aviation demand (Demand factor = 1.0)

14. Aircraft Mix: 19% Class A
21% Class B
51% Class C
9% Class D

15. Percent Arrivals:

Hour I Arrivals Hour % Arrivals Hour %Arrivals Hour % Arrivals

00-01 50 06-07 50 12-13 45 18-19 50
01-02 50 07-08 50 13-14 53 19-20 51
02-03 50 08-09 58 14-15 42 20-21 49
03-04 50 09-10 52 15-16 50 21-22 50
04-05 50 10-11 50 16-17 51 22-23 50
05-06 50 11-12 56 17-18 64 23-24 50

16. User-Specified Title: SIA ANNUAL BASELINE

I
I
I
I

I



Attachment D

PRELIMINARY DESCRIPTION OF INPUTS TO BE
CHANGED FOR ANNUAL DELAY EXPERIMENTSl

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

March 7, 1978
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EXPERIMENT NUMBER 8 IS THE ANNUAL DELAY
i BASELINE RUN.
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Attachment E

ADDITIONAL DELAY EXPERIMENTS
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I

STAPLETON INTERNATIONAL AIRPORT

II

I

i Airport Improvement Task Force Delay Studies

I
I
I
I

Peat, Marwick, Mitchell & Co.
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I
I PEAT, MARWICK, MITCHELL & CO.

P. O.BOX 8007

SAN FRANCISCO INTERNATIONAL AIRPORT

SAN FRANCISCO, CALIFORNIA 94128

Telephone: (415) 347-9521

June 8, 1978

Mr. Ray Fowler, AEM-100
Federal Aviation Authority
800 Independence Ave., S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Delay Experiments

Dear Ray:

Enclosed is the input data package for Stapleton Stage I
delay experiments that I plan to handout at the Stapleton
Task Force Meeting on June 12, 1978. Additional data is
required from the Stapleton Task Force to complete this
package. Under separate cover I am also forwarding the
Stapleton airfield networks for 1978 baseline case and
1985 baseline case.

The enclosed data package and the airfield networks should
be reviewed, revised, and approved by the Stapleton Task
Force prior to the performance of delay experiment model
runs.

Sincerely,

Stephen L. M. Hockaday
Manager

SLMH/nbe
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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Attachment

ISTAGE I EXPERIMENTS: INPUT DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

I

i Peat, Marwick, Mitchell & Co.

June 1978

'I

I
I



I

INPUT DATA FOR EXPERIMENT NUMBER 1.

a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL

Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 3

11. Runway Identification: 26L, 17L, 17R

I



2

12. Departure Runway End Links: 188, 101

13. Runway Crossing Links: 188

14. Exit Taxiway Location:

I Distance from
Runway Taxiway Link Threshold (feet)

17L 9-4 107 9,000
17L 0-2 113 12,000
17R L-4 480 8,000
17R L-1 172 11,50026L C-6 353 5,400

B-4 489 5,400

15. Holding Areas: Not applicable.

16. Airline Gates:

Airline
Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA

I

I

II
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c. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4

Class C 1.9 3.0 3.6 3.6
D 3.7 5.1 4.5 4.1

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60

Class C 50 60 60 60
D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21. Common' Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

26L A 1.0
B 3.0

17L A 1.0
B 5.5
C 5.5
D 5.5

1 17R A 1.0
B 3.0
C 5.5
D 5.5

V

- ----- a
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22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft are delayed in
the arrival airspace when departure delays c'.ceed
10 minutes.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.
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d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization
(Percent)

A/C
Class a-4 0-2

Runway A 100
17L B 100

C 90 10
D 90 10

A/C
Class L-4 L-1

Runway A 100
17R B 100

C 80 20
D 80 20

A/C C-6
Class B-4

Runway A 100
26L B 100

29. Arrival Runway Occupancy Times:

Runway Occupany Time
(Seconds)

A/C
Class s-4 1-2

Runway A 80
17L B 75

C 65 80
D 65 80

A/C
Class L-4 L-1

Runway A 80
17R B 75

C 65 80
D 65 80

I

i
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A/C C-6
Class B-4

Runway A 60
26L B 55

30. Touch & Go occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed
(Knots)

Aircraft Standard
Class Mean Deviation

A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

L, I
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1 36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 3.

I

S I
I

I
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Table 1

AIRSPACE TRAVEL TIMESa

(minutes)
Stapleton International Airport
Stage I Experiments: Input Data

Aircraft Travel time to runways
Fisc Class 8L/8R 17L/17R 26L/26R 25L/35R

KIOWA 1, 2 15 16 12 12
3 18 19 14 14
4 25 26 20 20

KEANN 1, 2 16 13 12 17
3 19 15 14 20
4 26 21 20 28

DRAKO 1, 2 14 11 16 17
3 16 13 18 20
4 23 19 26 28

BYSON 1, 2 13 16 16 13
3 15 19 19 15
4 21 27 27 21

"Pop-ups" 3 8 8 8 8
4 9 9 9 9

a. Nominal (undelayed) travel times.

Ik

i
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I
Table 2

ARRIVAL AIRCRAFT LATENESS DISTRIBUTION
(Average deviation from schedule, excluding

delays due to destination airport)

Amount of time Percent of flights
late or early late or early (%)

More than 15 min. early 0
less than 15 min. early 5 /
On time 24
less than 5 minutes late 29
5 to 10 minutes late 15
10 to 15 minutes late 9
15 to 30 minutes late 9
30 to 45 minutes late 4
45 to 60 minutes late 2
more than 60 minutes late 3

Source: Peat, Marwick, Mitchell & Co., analysis of
data provided by Stapleton Task Force.

I
I
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| I Figure 1 cont.

TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 17L & 17R
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Z~ Figure I cont.

TAXIWAY ROUTES:
DZPARTURES ON RUNWAYS 35L & 35R



Experiment Number: 2  Input changes from experiment number)

-17

SMLTNMODEL INPUT DESCRIPTION OF INPUT CHIANGE

7 ±Z~ ~-. ts

S )~r~Lt.4 etJWor

2.0 -t- r W z ay

1.2='a Anda 1t-czkc

13 k--wy z--siq L-s _

2.4 £±~ ~a~ay 1cati-ri

13 ;Lcut dat.a

:0 Too-way pat-h data

- C :==., a&przAch =&z!1.

Z2Vetzr .q d.*AS

26 :-e a=-- e =tua

27 ivay ce-=si.q delay =ntrol

29 1-- axiv~.ay o ~ ~ .a

2A&cImee±s

- 26 7--a ===h3-=q :.z-es
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INPUT DATA FOR EXPERIMENT NUMBER 2.

a. LOGISTICS

3 1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 5

11. Runway Identification: 26L, 26R, 35L, 35R, 25
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12. Departure Runway End Links: 183, 113

13. Runway Crossing Links: 352, 346, 345, 344, 395,

400, 357, 356, 318, 321.

14. Exit Taxiway Location:

Distance from

Runway Taxiway Link Threshold (feet)

26L B-4,C-6 489,353 5,800
C-5 354 6,100

I C-4 356 7,400
C-3 357 8,400

26R D-2 318 5,000
C-4 316 6,000

C-3 311 6,900
End 310 7,400

25 D-3 322 3,400

15. Holding Areas: Not applicable.

16. Airline Gates:
IAirline

Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4North Central 5

I Texas International 5
Frontier 5
Third Level Carrier 1

1 17. General Aviation Basing Areas:

Name Base Area Code

I Combs Aviation GC
Beechcraft Aviation GB

I Atlas Aviation GA

I
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c. ATC PROCEDURES

18. Aircraft Separations:

r m Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
!A B C DI

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4

Class C 1.9 3.0 3.6 3.6
D 3.7 5.1 4.5 4.1

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60
Class C 50 60 60 60

D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4
3. Apron Taxiway to south of Concourse B

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

25 A 1.0
26R A 3.0

B 3.0
C 5.5
D 5.5

26L A 5.5
B 5.5
C 5.5
D 5.5
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I
22. Vectoring Delays:

TThis input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.
Model input values will be used that preclude holding

for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway

is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed
in the arrival airspace to release departures.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutesj or more.

d. AIRCRAFT OPERATIONAL CHARACTERISTICS

1 28. Exit Taxiway Utilization:

Exit Utilization (Percent)
A/C B-4

Class C-6 C-5 C-4 C-3

Runway A 100
26L B 54 15 31

C 24 54 22
D 50 50

__ _ __!,A
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A/C
Class D-2 C-4 C-3 End

Runway A 100
26R B 44 17 39

C 32 47 21
D 100

A/C
* Class D-3

Runway A 100
25 B 100

29. Arrival Runway Occupancy Times:

RunWay Occupancy Time (Seconds)
A/C B-4
Class C-6 C-5 C-4 C-3

Runway A 60
26L B 45 60 70

C 41 54 58
D 51 60

A/C
Class D-2 C-4 C-3 End

Runway A 55
26R B 36 49 61

C 31 47 55
D 60

A/C
Class D-3

Runway A 45

25R B 40

30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4

I
I
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31. Departure Runway Occupancy Times:

Runway Occupancy
Time (seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed
(Knots)

Aircraft Standard
Class Mean Deviation

A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 3.

I
A

-
LI



IExperiment Number:___,, Input changes from experiment numbej2

24
SIMULATIDN MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Randemne. seeds

3 Stat- Bad~ f!i..±Sh t±m-s

4 1±-t Option.s

5 A.Llza nA.as

i ?:oCessi.=q apti:nas

7 ?=ct-4oc %2s

a T-4a switch

b. Alzlield Phvsica1 clarawteristics___________________________

9 Aifield n.:ivark

10 Nthee -of '-V-'ays

11 -Rzzay Ldenzzt±icatt-ic*

12* 0epa.ze -vzway and .L-Az

13 It---ay messizy links

14 Exit tixivay locatian

17 Caeozda Aation basing aas

19 Root* data

20 Tw.o-wiay path data

2.1 C=n Approach Paths

22 Veezarinq delays

23 tZepAX.=~e U-=iday queuae cazol

24 Cate hold contmil.

2.1 Depa---e aix3 pace Czns=.±%tz

37 R~zay czesszi-; delay con::o1

d. Aicraft Caeraticnal Ciarac--eristics

21 Exit taxiway utilization

Az Aval -=way c=zpa4-cy tz as

30 T:Uth-&nd--qC --=WAY 0CcU=a.CY ti=42

_ ___ ___ _ _ _ _ _ _ _ _ _ _ _ __CC--=&CY -- =a

- 2 Tai o ~ i~~ ___________________________

2 UmAind Change arrival runway assignments-all

arrivals on 26L.
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Experiment Number: 3
Weather Condition: IFR-1V -

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 3.0 3.0 3.3 3.5
Aircraft B 3.0 3.0 3.3 3.5
Class C 4.5 4.5 3.3 3.3

D 6.5 6.5 5.5 4.5

Departure-Departure Separations (seconds)

Trail Aircraft Class
A B C D

Lead A -6 -0 
Aircraft B 60 60 60 60

Class C 60 60 60 60
D 120 120 120 90



*Experiment Number:~ A input changes from exp eriment number 2

* 26
SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Madoz a-& seeds

3 *Staz. and finish tizes

4 P1iz options

6 Processizq options __________________________

7 Ti-cat±ou Li1.t.s

a Ti= switch

h. A--ield PhrsLcal Ciaractaeistics

9 A±i.e14al no.-wrk

11. ft-wy Ldnti!!.catio

2 VCap&=ioq =-ay ad1-

2.3 A--=aty -- way mqa zks o

2s E.a"tag aeas~a5cowi

17 azerx caositz b~ayz ara

d.-=X T C sezepoa1 ara" ii

22 Vato- m delZ~ays±ia~o

25 X.-ivJ. 9zaC0~zac :e

2730 va ~oc~-&o-*ss deay controlt~--

22 X4 t.axiray utiliatio

32 Taxic 2p**ds

U33 Approach speeds

34 Catese7jc 1Vties

35 ALs%acn travel. tieas

-36 Runay c~cssi.=q :±.zes

37 t~tanesj sjsjf

32 ze~nimgd Rrivunz nnT. to 16R -An 32z



Experiment Number: 8 (Input changes from experiment number 2 )
27'

SIMULATI.ON MODEL INPUT DESCRIPTION OF INPUT CH{ANGE

1 title

2 R-c zztL--ez sneds

3 Star-- and 4T z! t±es

4 Pet= optionas

A Jirl±.-8 =Aaes

6 Proeessig options

7 t?=.cat±zn 1--ts

I Ti'a swit:

b. Aimr-felad rhvsica1 C.arA-ce=4istiCX

3Aifei noe.uark

IQ N=Zber -09 rvays

17 Ce-Va.L iazt ic az± r

1. AA a ~sin i~-

11 irlt dates

23. Ca=eonX avi:atio azl aea

22 Vectorzia delays

23 z.pa&r-.r r-.way queue ccnzol

24 Cate hold

Z5 cart-e a..zoace Coszrzi%tX

21 6 ar~ q-,.sue

30 Tzuch-rnd-1o r~way ccr=.&Cy ti~.s

31. =-wjay cr-rarcy tizes

32 Taxi Speed~s

33 Apoacb speeds

34 Cate ser±ce rtme

37 t&teness

_____________________ txen o r4 .'.do



Experiment Number:~ ( Input changes from experiment nuber )

28,

SIMULATI.ON MODEL INPUT DESCRIPTION OF INPUT CHlANGE

2 P.zd 13~-r seeds

3 Stax- axid flizh tmes

4 1i:optic"s

5 A:l~e~==res

6 ?rzcessiiq aptizax.

7 Tm-±a-ln l±.±.s

I ?ize switch

b. XL-Iield Phvsical Ciara~cteris tics

9 Aix-ie14 ne:'.ark Reflect 1985 airfield see network
10 IY.ber -of -r--ays

1l 1 -way identification

12' 0*?ar-= r-a and 1i--ks

13 A--Way cb=szi links

14 Zxit taxiway location

1.5 Zold- -g areas2

17 Cemezz-l aviatizz baia ara all G/A to south side of 8-26

13 Acra~t sapaaclans~.

13 loute data

20 Two-wvay PathS data

22 Vector..Lq delays

Z.3 qeaurvycueue caoz1

24 Cate hold c~n-L.

Z5 . - ai.=oace Cst3ai..Z2

25 a q-ce sua

27 ;tvay e::osziz; delay cza:tra

d. Xir:zft aneraticnal Cliarac-eris tis

23 rEx±t taxiway Ut±iiatiocn

29 ~~a ~wy ec~~~ =as

30 Tuc-.-and-go -- way cc=:=ancy t;Lzes

21 e==eva! cc=--=azcy ti-s

22 Taxi± S~e*ds

32 Arcach 5=eeds

24 Care ser-,-ica -4-

25 XL=3pace travel . ias

3 6 Rv--ay c2zsiz-q %zes

37 !Atjm!es

23 ~ 1985 demand see Table 4
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3Experiment Number: i! (input changes from experiment numberj

303SIMULATIJON MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 7.=d= nu-ba Seeds

3 Sta.-- anad fis -- aes

3 Aix.lia ==~as

6 Process=; opt±:nas

a Ti.e switch

b. ALi--ield Phwsical. C~aractaristicx

9 Ai-ijald netwo'rk 1985 Network

13 A-,-ay =cbssi; lizks

14 ' 4 it t3.Z±way location

1.5 Soldizg are"~

17 Came2.1 aviat.c bain aZ±~~zea all G/A on south side of 8-26

C.ATC ?- e~ds

13 Route data

20 Twc-iway path daza

21 C.--n a pproach patI.a

22 Vccrinq delays

23 Z4P=ay= quu cn=3.

24 Ca-za holdc~~u

25 Dp:aai~oc ~ti~

27 '4--ay czcssi; delay =~arl

d. Airet-att emeraticnal Characteristics

22 Exi tax±~way utiiat-Ica

29 A.±-va~l r-.zway oC=?A--CY -. s

30 ~Toh-and-So --- way oc=* p&cyf tize

32 Taxi Speeds

33 Aoproach szud

34 Cacs serics t.e

3S Axzpaca =aval -=~as

- 6 3 2-iuay ==ssi-q :±.~*0

32 1985 Demand see Table 4



Experiment Number: 11 Input changes from experiment number 10 31

SIMULATI.ON'MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 PRa1do =. e Seeds

3 Stx: and fi:.ija ---:-as

4 Pci::M opti±ons

6 Prcessinq options

7 T==cation I --. s

I Tints s'wit~h

IS. Kirlield Phvsical Oiarace --"sties

9Aix-fia3d netwoirk

10 .1-'-.r-ozr-ways

12 Daparzna ru-vway and links

14 S*x-: tax~vay location

LS5 Holding azreasm

16 Aix:1iza gates

17 Cezezml avriation basiz; &aas

a. AT ?-rncedues

13 Ai~atsepaac±on=.

3.3 Pauta data

20 TN%*--vay pathi data

23 Con=. aproach ?&bL

22 Vccizq delays

2.3 =*a-= ZrZWaLY queue onzol

24 Cate hold ~nI
25 Z pea~r -- aizzaea constzainn..

261 4par::e eu

27 2.tnway eocss."q delay czmn~ol

d.Airc=ra!t C-.eratiznal Chiaracteristi.cs

23 rxit taxiway utiliza.ion

29 Azrjval -- way ecr:pJancy tines

30 TuC±h-&nzd-go r.-way CC .nCy t.

31 Zeaa_.rzu r-=av occ**=ncy nizes

33 Azoroac!L szeed:s

34 Cate ser-rica nines

j35 Ainen~aca ::avel tizs

-36 Rznway c~cszzinq nines

37 tAtaness dinj~ on

33 :4.i- Racirp ai crre AermMyA y1%



Experiment Number: 12  CInput changes from experiment number 9

SIMULATIJON MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Radc~ ~ha~seeds
3 Sutz- and f,*".sh tiocas

4 Priz options

S Aili"e ZAse

6 Przceaszq optionas

7 T=-oation 1-1 --' s

a Ti=a swit~h

h. A4±-Ield PhvsLcaL CMaractisties

Y.0 bahr -of :u-iays

1. 'I-Way idnt±i cation

2' Dearture =--a and 1LL-A

L.3 Ruvay Cbssizcj lioMks

2.4 E-4t taxiway location

15 zoldizq areas

2.S AL-rliz gates

17 Cezarz.1 aviatica basizq areas

C. AC Pced~es

1s A -craft saparaczo6a

19 Mutte data

20 Two-wvay path data

21. Czoon azpu:ach: paths

22 Veczorizq delays

23 runway queaue control

24 Cate hol.d co-.-l

26 qceeua

27 lkvay cresu-Iq delay czato2

d. A = aft O-zeraticnal Chacac-ter st-*cz

21 E-It taxivay uzilizac-on

2S AXrjva1 runway oc=- -;ancyaie

30 Tzuch-..od-go r-z-way cc uza.cy t±ies

32. :Q~--= r=9dSa eCC=:&nCy tias

32 .axi sp**"

33 Approac!& spasda.

34 Cate sez-7icz tZ~s

33 A.Lszcacn travel t Laz

-36 R-.=wiay c~zssi--q t4-s

37 Lateness dSh~.~

31 Z~a~dReduce general aviation demand 25%.



4' Experiment Number: 13 (Input changes from experiment number 9 )

SIMULATISON MODEL INPUT DESCRIPTION OF INPUT CHANGE

I =i

2 31-1=c ~e seeds

3 St.a-% and '~mzh -- = s

4 Print options

4Processimg apft.i

7 T=-ca -ou t

U2 Runay ientifiCayen

12 ivay Cb ssi*q 14-Irs

14 7-4t taxiway location,

IS Eociizq areas

16 s~l~n ates

17 Cezexza2. aviation, basing a_-as

C.)Cprced%=es

13 Aa~tsopaato!.

13 Route data

2a Two-w'ay path deaza

2.1 Co==n aproach za.hs

22 Vectarinq delays

23 repa ,a .~y c"ua cont.oL

24 Cate hold con-1m.

25 zoca-T=e ai.zsoace o, -aL-t

27 ftzvay c~zssi.4 do! ay czntzo1

J d. Aicraf C'mraticnal Ciarace~istics

23 Exit taxiway uiiziat.'Qf
A=4 )=Val z--nay 0C=.a.%y Z4=.J30 Toch-and-go :,:-way c:zzanicy t.=2e

31 ~earr =ay ocu;ancy :L=as

32 ?a-zc. speedsg

333 Approac-h speods

34 a&-- sor7 iCs 4- .

J 32~..a...Reduce general aviatin~n AtmanA go



Experiment Number: 14 Input changes from experiment number q 3

SIMULATI.ON MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 3azdza a=6a goodsw

2 3 w and fi-'"sb 4 rs

4 lirti: =&as

* Processiag apt..2Ls

I ViAf sw t:

9. A. L .-fid ?.v~a 1 networkti

11t~vAy idaet.ncil iaaio

12 Opar-.=s rz~ay and 1.i-Ja

R%2 -vay COzsizr li-%Xa

14 !x±t taxiway ocatiou

15 Zaldizq ahas

11 s.r±~ ates

17 Cane-u.1 Aviation bas!iy azags

C. AT1e-s _ _ _ __ _ _ _ __ _ _ _

1 R aute at

20 'Too-.ay pat.h daa

2U C 4?npzaach pathsa

22 V~czo=:Lq dislays

2.3 zap.ttz -%Wa "mee =nza1

j 24 Cazo halld na

2! Zeoart-L- &izace Conu.aiz.-s

J d. Airc=:ft meraticnal Chj~aaCt-er454Cs

23 "-4% Zaxiway UZ±41i4ae...on

2S A.~ival r--Iway octu~ary tizes

30 Touch-a.~d-q* X--way cc= .zazcy t±.=az

32 Taxi sz**dsg

33 Approac~j speed..

34 Gate ser--:co t as

33 Xia.stace tzzve1 -,es

3- 2 .=way C==-Ss.=; teoo

33 7*= - Reduce gfneral aviation domAnd 75%.

-L_____
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I INPUT DATA FOR EXPERIMENT NUMBER 4.

a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.

Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 5

11. Runway Identification: 8L, SR, 17L, 17R, 7

I
I
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12. Departure Runway End Links: 311, 359, 487

13. Runway Crossing Links: 316, 356, 357, 395, 400

14. Exit Taxiway Location:

I Distance from
Runway Taxiway Link Threshold (feet)

I 17L s-4 107 9,000
17L s-2 113 12,000
17R L-4 480 8,000
17R L-1 172 11,500
8L D-2 318 2,000
8L D-3 321/347 3,500
SL D-5 323/349 6,700

15. Holding Areas: Not applicable.

16. Airline Gates:
Airline

i Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4

6 North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

I Name Base Area Code

Combs Aviation GCBeechcraft Aviation GB
Atlas Aviation GA
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I c. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4

Class C 1.9 3.0 3.6 3.6
D 3.7 5.1 4.5 4.1

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60

Class C 50 60 60 60
D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

26L A 1.0
B 3.0

17L A 1.0
B 5.5
C 5.5
D 5.5

17R A 1.0
B 3.0
C 5.5
D 5.5

I
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22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft on 86 are delayed
in the arrival airspace to release departures on 8L when
the departure delays exceed 10 minutes.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

i
I I

S .. . .
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d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization
A/C (Percent)

Class %-4 %-2

Runway A 100
17L B 100

C 90 10
D 90 10

A/C
Class L-4 L-1

Runway A 100
17R B 100

C 80 20
D 80 20

A/C C-6
Class B-4

Runway A 100
26L B 100

29. Arrival Runway Occupancy Times:

Runway Occupany Time
(Seconds)

A/C
Class %-4 %-2

Runway A 80
17L B 75

C 65 80
D 65 80

A/C
Class L-4 L-1

Runway A 80
17R B 75

C 65 80
D 65 80

!-AI
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I
A/C C-6
Class B-4

Runway A 60

26L B 55

30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed

Aircraft Standard
Class Mean Deviation

A 100 10
B 135 10
C 155 10
D 160 10

I
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134. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

I A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 3.

i
I
I

I



a Experiment Number: 5 CInput changes from experiment number 4) 4

vSIMULATI.ON M4ODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Rad u.bez seeds

3 Str-= an~d f"14shi t-4es

4 Pr:i: optic"~

SAir:liin zazes

7 Trzatz 14

ifva i± 5d~nzfi. t:

14 Zr±t taxiway locatian

L5 3014--gq area.s

IS ).±.lize gates

27 Cezera. aviat.L basing &zeas

Is A!.nC--Xf separaniazs

13 Routs dat~a

20 'No-may path data

2.1 C--:n £ppcac!% Path.s

22 Vec~zrinq delays

23 ==rway queue conz-o2.

24 Cate hold cont-ol.

25 ~.a-naixsace C0=3=.i.t

27 R==way czoss-In; delay =atzai

A. rcaft c-.erat_4Cal chzracte~istics

23 Sxiz~ taxiway uoc1-4at-4nv:

30 uc-eodqo -way oczu anc-j ti.;=ez

32 Tzavt szeeds

23 Ap.Prcac! Led~

34 Cate sezr7ice t:Lnzs

2S A.i-Saaca ==Ave1 tineS

-36 R~-w~ay crnss..nq ti~es

37 Lateness d.'_sizizn

21 :.ma~ Reassign departures on SR to 8L, 7, 17L and
117R.
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I PEAT. MARWICK. MITCHELL & CO.
P. O.B0OX 8007

* SAN FRANCISCO INTERNATIONAL AIRPORT

SAN FRANCISCO. CALIFORNIA 94128

Telephone: (415) 347-9521

August 3, 1978I
(/

Mr. Ray Fowler, AEM-100
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Delay Experiments

Dear Ray:

Enclosed is the input data package for Stapleton Stage I
delay experiments. This data package should be reviewed
by the Stapleton Task Force prior to the August 9, 1978
subgroup meeting so that approval of the input data can
be obtained in that meeting.

Sincerely,

StephA/n L. M. 4ckaday
Manager

SLMH/sq
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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Attachment

ISTAGE I EXPERIMENTS: INPUT DATA PACKAGE

L/

I STAPLETON INTERNATIONAL AIRPORT

IAirport Improvement Task Force Delay Studies
I

i I
I

A i
Peat, Marwick, Mitchell & Co.

IAugust 1978
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I
INPUT DATA FOR EXPERIMENT NUMBER 2.

a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

g4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL

North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 5

11. Runway Identification: 26L, 26R, 35L, 35R, 25

I [,
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12. Departure Runway End Links: 183, 113
13. Runway Crossing Links: 352, 346, 345, 344, 395,

400, 357, 356, 318, 321.

14. Exit Taxiway Location:

Distance from
Runway Taxiway Link Threshold (feet)

26L B-4,C-6 489,353 5,800
C-5 354 6,100
C-4 356 7,400
C-3 357 8,400

26R D-2 318 5,000
C-4 316 6,000
C-3 311 6,900
End 310 7,400

25 D-3 322 3,400

15. Holding Areas: Not applicable.

16. Airline Gates:
Airline

Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA
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c. ATC PROCEDURES

1 18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft ClassI A B C D

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4
Class C 1.9 3.0 3.6 3.6

D 3.7 5.1 4.5 4.1

Trail Aircraft Class
A B C D

Lead A 45. 45 55 55
Aircraft B 50 50 60 60

Class C 50 60 60 60
D 120 120 120 90

19. Route Data: See Figure 1.

1 20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4
3. Apron Taxiway to south of Concourse B

21. Common Approach Paths:

3 Arrival Aircraft Length of Common
Runway Class Approach Path

25 A 1.0
26R A 3.0

B 3.0
C 5.5
D 5.5I

26L A 5.5
B 5.5
C 5.5
D 5.5

I
I

I.
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22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
I departure queues where appropriate.

24. Gate Hold Control:

I Hold aircraft at gate when departure queue at runway
is 10 or more.

25. Departure. Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

1 26. Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed
in the arrival airspace to release departures.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutesjor more.

d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization (Percent)
A/C B-4

Class C-6 C-5 C-4 C-3

Runway A 100
26L B 54 15 31

C 24 54 22
D 50 50II



A/C
Class D-2 C-4 C-3 End

Runway A 100
26R B 44 17 39

C 32 47 21
D 100

A/C
Class D-3

Runway A 100
25 B 100

1 29. -Arrival Runway Occupancy Times:

Runway Occupancy Time (Seconds)
A/C B-4
Class C-6 C-5 C-4 C-3

Runway A 60
26L B 45 60 70

C 41 54 58
D 51 60

I A/C
Class D-2 C-4 C-3 End

I Runway A 55
26R B 36 49 61

C 31 47 55
D 60m

A/C
I Class D-3

Runway A 45
i 25R B 40

30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C C 27 4
D 27 4

II

i
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31. Departure Runway Occupancy Times:

Runway Occupancy
Time (seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.
3/
33. Approach Speeds:

i Approach Speed

(Knots)
Aircraft Standard
Class Mean Deviation

A 100 10I B 135 10
C 155 10
D 160 10I

34. Gate Service Times: Not applicable.

1 35. Airspace Travel Times: See Table 1.

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

I A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 3.

I
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Table 1

AIRSPACE TRAVEL TIMESa

(minutes)
Stapleton International Airport

-Stage I Experiments: Input Data

I Aircraft Travel time to runways
Fisc Class 8L/8R 17L/17R 26L/26R 25L/35R

I KIOWA 1, 2 15 16 12 12
3 18 19 14 14
4 25 26 20 20

KEANN 1, 2 16 13 12 17
3 19 15 14 20
4 26 21 20 28

DRAKO 1, 2 14 11 16 17
3 16 13 18 20
4 23 19 26 28

BYSON 1, 2 13 16 16 13
3 15 19 19 15
4 21 27 27 21

"Pop-ups" 3 8 8 8 8
4 9 9 9 9

a. Nominal (undelayed) travel times.

I

I

* .t
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Table 2

ARRIVAL-AIRCRAFT LATENESS DISTRIBUTION
(Average deviation from schedule, excluding

delays due to destination airport)

Amount of time Percent of flights
late or early late or early (%)

More than 15 min. early 0
less than 15 min. early 5

I On time 24

less than 5 minutes late 29
5 to 10 minutes late 15
10 to 15 minutes late 9
15 to 30 minutes late 9
30 to 45 minutes late 4
45 to 60 minutes late 2
more than 60 minutes late 3

I Source: Peat, Marwick, Mitchell & Co., analysis of
data provided by Stapleton Task Force.

I
I

I
!

I

1
I

I
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Figure 1 cont.
TAXIWAY ROUTES:
ARRIVALS ON RUNWAYS 25, 26L & 26R
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Figure 1 cont.* TAXIWAY ROUTES:I DEPARTURES ON RUNWAYS 7, 8L & 8R
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Figure 1 cont.
TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 17L & 17R
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Experiment Number: 8 (Input changes from experiment number 2 )

SIMULATIJON MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Randca uu--az smeds

3 Staj.- and fii±sh 4 i.s

4 print actions

3 Ail:ie aaes

6 Processzing options

a Time switch&

h.. A±rfield Pli#s±ial1 C~arac-eizticz

I Ai.-tisl4 newwoci

10 l-tber -of ru-ways

17mIeart2 -=-my an LL-JrsZUA

13 Ruwa data nqlik

20 ZY-ttaay loch atio

22 Beldaig dreas

Is CAt. l gatesl

17 Geneal~ aizzon asin area~~s

21 sapa..rae eueu

27 Tva-wy pathic dtaycno2

21 Ca== &p.-ac! p~4.ou

2 .~Veta deayso~~~c s

20 uc-d-.=~ way quuec=a=yt'--

24 Gate ol sxrcontrol.

25 A.Lsauea queue ±~

-27 ftzay c~.oss-4q deay

d. A Lzcattunres tzcnulio

21 zzit .Xq utilization~ pr hur



Experiment Number: 9  ( input changes from experiment number. )
________________________________________________________________________ 1

SIMULATI.ON MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Randon nut-ex seeds

2 St-- and finizb tim s

4 1rl=: actions

SProcessim; opt~ions

7 Tr=cstiouza -:

I iine switch

b.Aixfield Phvsicsl O=tarace:istics -

9 Aix.fiae network Reflect 1985 airfield see network
10 Y~bea -09--ways

Li. Run-way idantilication,

.2* Deparur - -way and licks

12 Run-way cinnusizq links
14 Xr-. taidvay locati±on

13 Bolding areas

16s Ai-Lnq gates 'ocuggE Pn nl~~
17 Cezez.1. aviat~on hasizn; azaas all G/A to south side of 8-26

13 A-craft saparatlaus 19qAMRaai
19 Route data

20 Two.-way path data

22 C~on approach Paths
21Vecto:Lnq dalays

2.2 ineper ra way queue can?.01

24 Cate hold coaal.

Z3 Dea.-- a4.zzpace caus=aits

26 zart-4u queue

27 %=way ciosal; delay coat=o.,

d. A-,ireraft C-eraticnal Ch aractes ties

21 Vx.iz taxivay utilization

29 X~rzval -- =way ocn-=pa~cy times

30 i7ic.h-&Ad-ja :-=way czunancy t!ines

31 rwyocz,.:Ancy :ines

12 Tax.. 2needs

13 Averoach s-p*ds

34 Cace sevr4ce tnes

If 16 ~nay cz~nss~ t--*

37 LAttaeSS s.uo

33 .. 4U1985 demand see TAble4



3 EZzperiment Number: 10 . (input changes from experiment number 9 )
U _______________________________ __________________________________20IIUAU NODEIL INPUT DESCRIPTION OF IN4PUT CHANGE

2 Randni nmbar see"a

3 Start and 91ALS& tin

4 9113t optic" ____________________________

5 AL1±aa aam

7 -- uca.an LtaiLue

b. Aix-fted Ptrvvical Chaactsestiue

10 Numbero ummwy%

13. way idnifca"L

D2 epature rummy a"d Ltnks

13 kAfty ca'osi LLnks

JA Kx-dr tandtaay location

15 231±ny are

3. ALZJJ2 gatues

12 Axueca~t separatdaan Use IFR separations

20 TWO-W&y path dra

21 o. as ap9zuat paths

24 Gats MoIA cmera.

25 b.aw-ca aj-zppa constraints

2S *eagar-ur quae

17 lummy cosainq dalay cotol

2& ZX:t taxiway u3nto

29 Arrival runay Occupancy %imam

30 Tsuaft-.Ad-q rnway occupancy La~s

33 D.9arzza r~way occupancy %!--as

33 Aqptuach spomis

34 gates. eszrin t±n.

35 A"auyacu %raY.3 tines

-36 ftamway crussiaq ..6-.

37 tatses.s 4atgar n±.ao

32 All arrivals on Runway 26LA



Experiment Number:~ 11 Input changes from experiment numbe r 10 )

SIMULATI.ON MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Raz.da e seeds

3 Sta-r and t"'ish tines

4 Pria:z options*

3 Ai-r!iZ* mnes-

6 Procesuing options

7 Tt-mation 1L-4t

li.Aield Physical 0%AraCte?--4sZtC2

3 XM-fi&Al network~

j10 wt--br -09 ruways

L3. ftmway Lduan..ficatLon

U. Runway c=siug 1-1-~.

14 Exi4t taxiway location

LS3 Balding areas

1S XLin sates

17 Canerz. aviation basing areas

C.AT ? aeeduzes

12 ALra~tsepazavta

13 Route data

20 "No-vay path data

23. Ca= approach p-atha

22 Vc~orizq delaysJ2.2 Zd~-- rnway M.2aue control

24 Cate hold control.

2.5 Deaz---e -sp~ae ~shu
25 Caa--= queue

27 Rayczossl-; delay =t~ol

d. Aicraet Cmerational caracteristics

30 Tzuch-aod-qo ruaway ocruza-icy ti~as

31 ==way ec-:&c tl-ev

32 Taxi speeds

24 Cate sernr4ce - as

35 Aiszrzacu mravel =izes
36 R'~uay c~cssL--q t--

37 ".tnness

3___________________ ZOZirA u',



ExKperiment Nuv_&ber:13 Input eftanges xru. m rUL.~

22
SIlMUtATION'MODEl4 INPUT DES CRIPTIONI OF INPUT CHANGE

2anda w-a=ex seeds

IStaxzu aad f.las r.!="

4 PVtzc optins

3 A±"iz flhm

M 6fil zr'---t

*oar= =Ua &M±

*14 r4r1A =Xtaa loCia

IS. M-iLaZ Ldat~Latc

LI C&M&LdIz b&Sua =2&

15 Tu,2ea path-&%

1 Cenex,.2 aprach~ PAhs±~a

14 Ca~e %dIA nar.1

25 ?i-vay~r pqtv d

-t. carx-a appma~amastc

7.2 VZx!-ul.n zz ays

23 .p-Lal ray ocueu c -,;--a

34 "a aa -f1.4 -4--m

25 Xt.rpace av~ %i. a

27 t~tas~ss~qdlyrs

32 ZO~C.aaalC12eu"t
Reuc genera aat±wymt±s±
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I
INPUT DATA FOR EXPERIMENT NUMBER 4.

a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,

7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.

Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 5

11. Runway Identification: 8L, 8R, 17L, 17R, 7

I
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!
12. Departure Runway End Links: 311, 359, 487

13. Runway Crossing Links: 316, 356, 357, 395, 400.

14. Exit Taxiway Location:

Distance from

Runway Taxiway Link Threshold (feet)

17L 9-4 107 9,000
17L 9-2 113 12,000
17R L-4 480 8,000
17R L-1 172 11,500
8L D-2 318 2,000

8L D-3 321/347 3,500
8L D-5 323/349 6,700

15. Holding Areas: Not applicable.

16. Airline Gates:
Airline

Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA

!
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c. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 1.4 2.3 3.0 3.0
Aircraft B 1.4 2.4 3.2 3.4

Class C 1.9 3.0 3.6 3.6
D 3.7 5.1 4.5 4.1

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 45 45 55 55
Aircraft B 50 50 60 60

Class C 50 60 60 60
D 120 120 120 90

19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

17L A 1.0
B 5.5
C 5.5
D 5.5

17R A 1.0
B 3.0
C 5.5
D 5.5
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22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate. /

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway

is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft on 86 are delayed
in the arrival airspace to release departures on 8L when
the departure delays exceed 10 minutes.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

(I

!
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d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization
A/ (Percent)~A/C

Class z-4 9-2

Runway A 100
17L B 100

C 90 10
D 90 10

A/C
Class L-4 L-1

Runway A 100
17R B 100

C 80 20
D 80 20

29. Arrival Runway Occupancy Times:

Runway Occupany Time
(Seconds)

A/C
Class a-4 z-2

Runway A 47
17L B 50

C 65 80
D 65 80

A/C
class L-4 L-1

Runway A 46
17R B 45

C 65 80
D 65 80

I

Ii
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I
30. Touch & Go Occupancy Times:

p
Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed
(Knots)

Aircraft Standard
Class Mean Deviation

A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

--
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1 36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

A 12
B 14
C 17l~il |D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 4.

I

I

I I
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Exp~eiment Nu~mber: 29 (Input changes from experiment number 4 )
____ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 31

SIMULATIQN MODEL. INPUT DESCRIPTION OF INPUT CHANGE

2 Randaft mar se4d
I St&=~ =A f4-4ek t±jss

4 Prl= aptiaas

S aiLtUne ame

6 Pracasziq apeta"

7 -_-uctoa 1LL 4 Z

a Timl Switch

b. Miz1f.1d Thvuleal claxaateristjea

9 At=210lA newf Ext. 26R East to equal 26L length

I* Number -9 zways
IL BMvay £iesft4 isai.

L2 Depazca ruway and Links

L.3 JhWay assinq Lk

1 .t andway lacating
15 Balding Aa"a

IS Aizzline gates

17 General aviatioan basing areas

12 ALx-caft aepaanna

20 TWIM-Wey Path data

2 Vcorn ens~delay caoi

21 Departur rnay qcueupan ±ea

38 zauc~-.-u ar-unaya ccuaz&Cyts

32. D.paruru queuye cpny ig

32 txiz tatwy ite izaia

33 Aproach speeds

34 Gaza service time

35 Aisyae crav.. %ime

-36 Runwday cruusaq ie

37 ZLaness d.Ls=41buian
32Zaa Reassign Air Carrier Departures to use both

18L and 8R



Experiment Number: 30 (Input changes from experiment numbe r 4

32

SIUAINMODE.. INPUT DESCRIPTION OF INPUT CHANGE

lamimn numb seeds

2 Stat an4 flna.Ls t±aeJ4 ftl=ao% -pia-
s AJ~LM Mams

6 ft~i _ _ _ _ _ _

7 -- MAt~m Lizm

a TIM Switch,

b. arfield ftwwta Chaacteristics/

I ALZZL3.S AetWM~ Ext Taxiway D-1 from D-2 to C-2

10 Number-of ey

12' Depaezcr runway and Links Additional end link
L3 Jhvray czfsinq L.iks

1 .:tar-Way locatiam,

LS Zoldinq am"

IS AL-i.±a Tates

17 amoal Aviation, hazinq arass

a. A= Procedures

1U A±:Mgt zeparati do

11 Maute data .Additional Routes
20 Two-wasy Path daza

23 VecLnq delays

2.2 zaepeu cumy queue ceaut,1

24 Gate hc24 enutcu..

23925 -epur a-U-spacs cosvas cs

25ceazrxu queue
17 Muway cressla delay matral

22 Zw-. taxlvay Utilization

21 A~waL runway accupaay t±imes

20 Tauft-eAn-qu runway Occupancy times

221 Zeparu r~ay cocz~aaey %tan
22 ?aXI Speeds

33 Appviach sped

24 Gate service t-e

25 AL.Spa"u crsve2 times

-4 26Rtnway czessinq %L±Me

27 Laanes U-2=4-bu-±a_ _ _ _ _ _ _ _

311 Zest"
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I
INPUT DATA FOR EXPERIMENT NUMBER 15.

a. LOGISTICSI
1. Title: Stapleton InternationalAirport Airfield

Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 2

11. Runway Identification: 35L, 35R

1
<1.
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I
12. Departure Runway End Links: 183, 113

13. Runway Crossing Links: 187, 481

I 14. Exit Taxiway Location:

Distance from
Runway Taxiway Link Threshold (feet)

35R B-6 104 9,000
35R s-5 106 6,300
35L L-9 188 11,500
35L L-8 414 7,500
35L L-7 177 6,000
35L L-6 179 5,600

15. Holding Areas: Not applicable.

16. Airline Gates:

Airline
Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA
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c. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 3 3 3 3
Aircraft B 3 3 3 3

Class C 3 3 3 3
D 4 4 3 3

Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 60 60 60 60
Aircraft B 60 60 60 60

Class C 60 60 60 60
D 120 120 120 90

19. Route Data: See Figure 1,

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21. Common Approach Paths:
Arrival Aircraft Length of Common

Runway Class Approach Path

35R A 5.5
B 5.5
C 5.5
D 5.5

35L A 5.5
B 5.5
C 5.5
D 5.5

it t
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I
22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding

I occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

I Departure runway assignments will be made to balance /

departure queues where appropriate.

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft are delayed in
the arrival airspace when departure delays exceed
10 minutes.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes

or more.

I

!
,IJ
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'i
d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utiiization: 3
Exit Utilization
AC(Percent)A/C

Class _5 g

Runway A 100
35R p 100

C 85 15
D 80 20

A/C
Class L-6 L-7 L-8 L-9

Runway A 100
35L B 100

C 15 75 10
D 85 10 5

29. Arrival Runway Occupancy Times:

Runway Occupany Time
(Seconds)

A/C
Class 9-5 z-6

Runway A 60
35R B 65

C 68 88
D 68 88

A/C
Class L-6 L-7 L-8 L-9

Runway A 58
35L B 63

C 60 66 78
D 66 78 90

I

I
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30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard

Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft StandardJ
Class Mean Deviation

A 23 3
B 26 3

C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

I Approach Speed
(Knots)

Aircraft Standardf
Class Mean Deviation

A 100 10
B 135 10

C155 10
D160 10

I 34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.
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r
36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

*A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 4.

I

I

I
I
I
I

t

I



Experiment Number: 31 (Input changes from exp eriment number 15 40

SIMULATI-lN MODE1. INPUT DESCRIPTION OF INPUT CHANGE

2 Bandon nmbe see"

3 start and finish .e

4 Pt-±4 optic=S

3 MLliza Mams

6 P.acuszinq opiaDs

I TIM switch

9 MixiaUA nagcwark

1Q v%=.z 0 --=ay-

13. ftwy iaatr- 4cation

12' Depazz - runwy end Lizks

13 FaV33t Cr=azJnF hl I

14 tZv.t taxispy locatIAM

M5 Raldnw axe"

IS AL--ine gates

17 CenosAJ aviation hasinq a--*as

12 ALgaz~ savaran±iv Ti liter Departure-Arrival Senaration

13 Rauta data

20 Nec-*oay path data

21. camn apzuach Paths

22Vcgriq delays

23 zapazuz unway quanm cancra.

24 Cate hold cmcl

25 z.partua ai pacie ccast-&.AZ

2S apazt~zu qcuua

27 ftvay7 =inSS±~ delay ConteCl

d. J ~rt~nlCacu~t~
23i z arvay utlV-tia 4

23 %=ival rmaway OOauvianc3 %:u Re flect ASDE

30 ?cuch-.ad-jo r1mway a - -. ancy c

31 Depa-rc ---- ay co cianey tioaa Reflect ASDE

3.' ?az-. speeds

33 Am each Speeds

34 Ga sa7cU t US

35 A.l.rpagm =av.3. tim

31 lunway aressizq tins

37 :Atanes djst:.-ubt-" a

31 ze~ All Arrivals on Runway 35R



I 41

INPUT DATA FOR EXPERIMENT NUMBER 18.

a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,

7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.
Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: Ses separate drawing.

10. Number of Runways: 2

11. Runway Identification: 17L, 17R

I
It
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12. Departure Runway End Links: 188, 101

13. Runway Crossing Links: 188

14. Exit Taxiway Location:

Distance from
Runway Taxiway Link Threshold (feet)

17L Z-4 107 9,000
17L g-2 113 12,000
17R L-4 480 8,000
17R L-1 172 11,500

15. Holding Areas: Not applicable.

16. Airline Gates:

Airline
Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA

.
!
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C. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 1.9 1.9 1.9 1.9
Aircraft B 1.9 1.9 1.9 1.9

Class C 2.7 2.7 1.9 1.9
D 4.0 4.0 3.0 2.7

i Departure-Departure Separations (Seconds)

Trail Aircraft Class
A B C D

Lead A 35 35 45 50
I Aircraft B 35 35- 45 50

Class C 50 50 60 60
D 120 120 120 90

i 19. Route Data: See Figure 1.

20. Two-Way Path Data:

Two-way taxiways are located as follows:
1. Taxiway C3
2. Taxiway C4

21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

17L A 1.0
B 5.5
SC 5.5
D 5.5

17R A 1.0
B 3.0
C 5.5
D 5.5

I
'I

'IL
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22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not- held at gate due to departure airspace

constraints. Flow control constraints from other
Centers do not normally occur.

I 26. Inter-Arrival Gap:

With this runway use, arrival aircraft are delayed in
the arrival airspace when departure delays exceed
10 minutes.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

I
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I
d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization
(Percent)A/C

Class %-4 9-2

Runway A 100
17L B 100

C 90 10
D 90 10

A/C
Class L-4 L-1

Runway A 100
17R B 100

C 80 20
D 80 20

29. Arrival Runway Occupancy Times:

Runway Occupany Time
A/C (Seconds)

Class -- 4 _-2

j Runway A 47
17L B 50

C 65 80
D 65 80

A/C
Class L-4 L-1

Runway A 46
17R B 45

65 80
D 65 80

I

I
I
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I
30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4 /

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed
(Knots)

Aircraft Standard
Class Mean Deviation

A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

I

I i



47

I]

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

A 12
B 14
C 17
D 20

37. Lateness Distribution: See Table 2.

38. Demand: See Table 4.



Experiment Number: 33 ( Input changes from experiment number 18 ) 48

SIMULATION MODE. INPUT DESCRIPTION OF INPUT CHANGE

a. Lats tie

2 %aa nm .. seds

3 Stawct a"~ fini~sh tms
4 pria optias

ftL2assa ations

7 "--vaan Limit

I Tim switch

* A1.~gl4PhrvucaJ. Maactarties

9 AL=Lal nsmwi Include High Speed Exit-Runway 17L

,0 Nb ag -ays

2- 0ea&Z="a rgmey =A~ '14,6

L3 Ruynway eassi LL

IA zx- ta.u.wy location Include High Speed Exit-Runway 17L

IS i i.ne late

7.7 uaal. aviazia Usingy &a&*

=. P -cedures

U Aircraft setvapaz.La

1 Mte data . Include High Speed Exit-Runway 17L

20 Two-way path data

23 cina approach pathx.

22V~e-u?±a. delays

23 0ep~z.axz way quint. CetralJ

24 Cga hold cas,-a..

2.5 aepa -mart -U.z-pcae tostaa-janm

25 Capartara queue

27 Ruway crossuq delay control

4. &taft oezwiaa Claater-.stics

21 Z-I nx5iway Utili--ation Include High Speed Exit-Runway 17L

21 rt-way c=uaay -.mas Include High Speed Exit-Runway 17L

30 ?oUa~f-.a4-qo -unway O@UeuaaCY 1-1-0m

33 |lria lae ,!-a

34 Rvinuay Cueum q ztmw

327 uasness on.ura

32 e-- nd
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INPUT DATA FOR 1978 ANNUAL DELAY EXPERIMENT

1. Annual Demand: 465,946 (1977)

2. Group Specification:

3 day groups High, Average, Low
12 week groups 12 months, January through December
3 weather groups: VFR, IFR1, IFR2

7 runway uses : Arrivals Departures
Runway Runway

1. 25, 26 35
2. 35R 35L
3. 17 7, 8
4. 25, 26 26
5. 8 35
6. 17 17
7. 8 7, 8

3. Weekly Traffic:

Week Group 1 2 3 4 5 6 7 8 9 10 11 12

I% of annual
in one week 1.84 1.88 1.84 1.81 1.80 1.95 2.03 2.11 2.01 1.91 1.86 1.96

4. Number of Weeks in Each Group:

Week Group 1 2 3 4 5 6 7 8 9 10 11 12

Number of

weeks 4.43 4.00 4.43 4.29 4.43 4.29 4.43 4.43 4.29 4.43 4.29 4.43

5. Daily Traffic:

Day Group 1 2 3

% of weekly in
one day 14.9 14.5 13.4

I

I
I .

II
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I
6. Number of Days in Each Group:

Day Group 1 2 3

a Number of Days 2 3 2

7. Weather Group Demand Factors:

VFR: 1.00
IFRI: 0.75
IFR2: 0.50

8. Weather Occurrences:

Week Group 1 2 3 4 5 6 7 8 9 10 11 12

% VFR 97.5 95.1 95.6 95.7 98.9 99.6 99.5 99.6 99.1 97.6 97.1 97.5
% IFRI 1.3 1.7 2.1 2.1 0.4 0.1 0.2 0.1 0.1 0.7 1.4 1.0
% IFR2 1.2 3.2 2.3 2.2 0.7 0.3 0.3 0.3 0.8 1.7 1.5 1.5

9. Hourly Runway Capacity:

Hourly Capacity
Runway Use VFR IFRI IFR2

1 170 75 71
2 85 74 70
3 137 74 71
4 95 74 70
5 150 76 71
6 83 74 70
7 93 74 70

10. Runway Use Occurrences:

Percent Occurrence
Runway Use VFR IFR IFR2

1 60.00 2.50 2.50
2 -- -- 1.00
3 22.00 0.05 0.05
4 3.00 -- --

5 4.00 0.05 --

6 2.00 --

7 1.50 ....

Other runway
uses 1.35%

I
J i



51

11. Hourly Traffic:

% daily % daily % daily % daily
Hour traffic Hour traffic Hour traffic Hour traffic

00-01 0.8 06-07 1.8 12-13 7.8 18-19 6.5
01-02 0.6 07-08 4.5 13-14 5.9 19-20 5.7
02-03 0.1 08-09 5.5 14-15 7.2 20-21 4.1
03-04 0.4 09-10 7.0 15-16 5.3 21-22 4.1
04-05 0.4 10-11 6.8 16-17 5.9 22-23 3.5
05-06 1.4 11-12 6.1 17-18 6.2 23-24 2.4

12. Demand Profile Factor: 35%

13. Runway Use Demand Factor:

All runway uses accommodate air carrier and general
aviation demand (Demand factor 1.0)

14. Aircraft Mix: 19% Class A
21% Class B
51% Class C
9% Class D

15. Percent Arrivals:

Hour % Arrivals Hour % Arrivals Hour % Arrivals Hour % Arrivals

00-01 50 06-07 50 12-13 45 18-19 50
01-02 50 07-08 50 13-14 53 19-20 51
02-03 50 08-09 58 14-15 42 20-21 49
03-04 50 09-10 52 15-16 50 21-22 50
04-05 50 10-11 50 16-17 51 22-23 50
05-06 50 11-12 56 17-18 64 23-24 50

I 16. User-Specified Title: SIA ANNUAL BASELINE

I

I
!
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PEAT. M.ARWICK, MITCHELL & CO.
P. O. BOX 8007

SAN ANCISCO INTERNATIONAL AIRPORT

SAN FRANCISCO, CAIUFORNIA 9428

Telephone: (415) 347-9521

August 29, 1978

Mr. Ray Fowler, AEM-100
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Data Package No. 4 for Stapleton Delay Experiments

Dear Ray:

Enclosed is data package No. 4 for Stapleton International
Airport. The package contains the results of the Stage 1
delay experiments (Attachment A), input data revisions
(Attachment B), and a suggested set of Stage 2 experiments
(Attachment C). This data package should be reviewed by
the Stapleton Task Force during the August 31, 1978 Task
Force meeting.

[ Sincerely,

Stephen L. M. Hockaday

Manager

SLMH/jc
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)



Attachment A

RESULTS OF STAGE 1 DELAY EXPERIMENTS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

4 I

I

Peat, Marwick, Mitchell & Co.

August 1978

I
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Experiment No. 2

Objective:

To obtain 1978 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

25-26L-26R 35L-35R

Related Comparison Experiments:

Experiment 8 estimates the delay impact of an arrival air-
craft metering rate of 45 per hour.

Results:

Figure 2A shows that total aircraft flows vary from 38 to
124 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 52 arrival
aircraft and 72 departure aircraft.

Figure 2B shows that average delays to aircraft using the
runways are as high as 4.7 minutes per aircraft. Peak hour
average delays are 0.8 minutes for arrival aircraft and 4.7
minutes for departure aircraft.

Figure 2C shows that average delays to aircraft using the
taxiways are negligible.

Figure 2D shows that average aircraft taxi travel times vary
from 2.6 to 8.0 minutes. Peak-hour average taxi travel
times are 3.3 minutes for arrival aircraft and 8.0 minutes
for departure aircraft.

Figures 2E and 2F show variation of runway flow rates and
delays by 15-minute period.

I
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FIGURE 2A--RUNWAY FLOW RATES
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FIGURE 2B--RUNWAY DELAYS
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FIGURE 2C--TAXIWAY DELAYS
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FIGURE 2E--RUNWAY FLOW RATES
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Experiment No. 4

Objective:

To obtain 1978 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

e17L-17R-8L 7-BR

In this experiment, the temperature is assumed to be high
enough to preclude jet departures from Runway 8L.

Related Comparison Experiments:

Experiment 29 estimates the delay impact of the availability
of Runway 8L for all jet departures (due to runway extension
and/or low temperatures).

Results:

Figure 4A shows that total aircraft flows vary from 27 to
117 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1100 to 1200 hours and contains 58 arrival
aircraft and 59 departure aircraft.

Figure 4B shows that average delays to aircraft using the
runways are as high as 3.3 minutes per aircraft. Peak hour
average delays are 2.1 minutes for arrival aircraft and 1.9
minutes for departure aircraft.

Figure 4C shows that average delays to aircraft using the
taxiways are negligible.

Figure 4D shows that average aircraft taxi travel times vary
from 1.3 to 5.8 minutes. Peak hour average taxi travel times
are 3.6 minutes for arrival aircraft and 5.1 minutes for
departure aircraft.

i
I
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FIGURE 4A--RUNWAY FLOW RATES
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Experiment No. 8

Objective:

To estimate the delay impact of an arrival aircraft metering
rate of 45 per hour.

Related Comparison Experiments:

I Experiment 2 is the 1978 baseline for the comparison.

PResults:
Figure 8A shows that total aircraft flows vary from 37 to
125 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 55 arrival
aircraft and 70 departure aircraft. 36 of the arrival aircraft
were metered during the peak hour.

Figure 8B shows that average delays to aircraft using the
runways are as high as 4.7 minutes per aircraft. Peak hour
average delays are 1.7 minutes for arrival aircraft and 4.2
minutes for departure aircraft. The 1.7 minutes average peak
hour arrival delay consists of 1.2 minutes of delay in the
terminal airspace and 0.5 minutes average metering delay.*

Comparison of these flows and delays with the runway flows
and delays for Experiment 2 shows that the arrival metering
rate of 45 aircraft per hour causes a slight increase in
overall arrival delays (0.3 minutes in the peak hour) and a
slight reduction in arrival delays in the terminal airspace.

!
I
!

*The 0.5 minutes average peak hour metering delay is computed
as if all aircraft were metered. In fact 36 metered aircraft
received an average of 0.8 minutes of metering delay and
19 non-metered aircraft received no metering delay.
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Experiment No. 9

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

25-26L-26R 35L-35R

Related Comparison Experiments: /
Experiment 13 estimates the delay impact of a 50% reduction
in general aviation activity.

Results:

Figure 9A shows that total aircraft flows vary from 28 to
117 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 58 arrival
aircraft and 59 departure aircraft.

Figure 9B shows that average delays to aircraft using the
runways are as high as 4.1 minutes per aircraft. Peak hour
average delays are 1.5 minutes for arrival aircraft and
3.9 minutes for departure aircraft.

Figures 9C and 9D show variation of runway flow rates and
delays by 15-minute period.

A

I "
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FIGURE 9A--RUNWAY FLOW RATES
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FIGURE 9C--RUNWAY FLOW RATES
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Experiment No. 10

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in IFR 1 weather:

Arrival Runways Departure Runways

26L 35L

Related Comparison Experiments:

Experiment 11 estimates the delay impact of a 10% reduction
in air carrier demand.

Results:

Figure 10A shows that total aircraft flows vary from 19 to
87 aircraft per hour over the 16 hour simulation run. The
peak hour in terms of flow is from 1200 to 1300 hours and
contains 33 arrival aircraft and 54 departure aircraft.

Figure 10B shows that average delays to aircraft using the
runways are as high as 279 minutes per aircraft. Average
departure delays range from 0 to 9.3 minutes, while average
arrival delays increase continually over the day to 279 minutes
by the end of the 16 hours.

These very high arrival delays are due to an excess of demand
over capacity, as evidenced in Figure 10C. In practice, IFR
weather rarely occurs for 16 hours straight. In any event,
delays of 279 minutes are unrealistic as cancellations and
diversions would occur before delays build up to this level.
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FIGURE lOA--RUNWAY FLOW RATES
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Experiment No. 11

Objective:

To estimate the delay impact of a 10% reduction in air
carrier demand.

Related Comparison Experiments:KExperiment 10 is the 1985 baseline for comparison.
Results:

Figure 11A shows that total aircraft flows vary from 0 to
86 aircraft per hour over the 16 hour simulation run. The
peak hour in terms of flow is from 1000 to 1100 hours and
contains 34 arrival aircraft and 52 departure aircraft.

Figure lIB shows that average delays to aircraft using the
runways are as high as 202 minutes per aircraft. Departure
delays range from 0 to 4.7 minutes, while arrival delays
increase continually over the day to 202 minutes by the end
of the 16 hours. These very high arrival delays are due to
an excess of demand over capacity, as evidenced in Figure 10C.
In practice, IFR weather rarely occurs for 16 hours straight.
In any event, delays of 202 minutes are unrealistic as cancel-
lations and diversions would occur before delays build up to
this level.

Comparison of the delays between 1000 and 1100 hours with
corresponding delays for Experiment 10 shows that delays are
reduced by 14% for arrival aircraft and 60% for departure
aircraft. These percentages vary significantly from hour to
hour.
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FIGURE. LA--RUNWAY FLOW RATES
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Experiment No. 13

Objective:

To estimate the delay impact of a 50% reduction in general
aviation demand.

Related Comparison Experiments:

I Experiment 9 is the 1985 baseline for comparison.

I Results:

* Figure 13A shows that total aircraft flows vary from 18 to
106 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 53 arrival
aircraft and 53 departure aircraft.

Figure 13B shows that average delays to aircraft using the
runways are as high as 4.4 minutes per aircraft. Peak
hour average delays are 1.5 minutes for arrival aircraft and
3.0 minutes for departure aircraft.

Comparison of these delays with the delays for Experiment 9
shows that small savings in delays (0 to 1 minute) can be
obtained by a 50% reduction in general aviation demand. The
savings are small because delays were also small in the base-
line case. Larger savings would occur in IFR weather.

£

I
I
I
I
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FIGURE 13A--RVNWAY FLOW RATES
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Experiment No. Al

Objective:

To determine average annual delays to aircraft in 1978.

IRelated Comparison Experiments:
None in Stage 1.

Results:

With an annual demand of 512,500 operations, average annual
delays were estimated to be 1.8 minutes per aircraft.
Seventy-one percent of the delays were less than or equal
to one minute.

On the average day of the peak month, peak hour average delays
are as high as 64 minutes (during IFR 1 weather conditions
with arrivals on Runway 17R and departures on Runway 8R).
For the most frequent combination of runway use and weather
condition (VFR 1 weather with arrivals on Runways 25, 26L and
26R and departures on Runways 35L and 35R), average peak hour
delays were 1.6 minutes.

I
I

I
i
I

I
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Figure A1--1978 ANNUAL DELAY BASELINE 2

ANNUAL SUMMARY

a. *** * .**** **h* *** **a**

* AIRPORT STUDY CONDITIONS *0 DEVIR 1978 BASELIN *
.a **** h* a ha***a.**a*.*a*****.**

I ANNUAL SUMMARY

DEMAND TO CAPACITY DISTRIBUTION
(D/C RATIO) PERCENT

AT LEAST LESS THAN OCCURRENCE

0.0 TO .1 15.59
.1 TO .2 8.07
.2 TO .3 16.15
.3 TO .4 8.33
.4 TO .5 11.61
.5 TO .6 16.18
.6 TO .7 9.98
.7 TO .8 5.95
.8 TO .9 4.50
.9 TO 1.0 1.61

1.0 TO 1.1 .59
1.1 TO 1.2 1.05

1.2 TO L.3 .18
1.3 TO 1.4 .00

MEAN OF D/C RATIO - .41
STANDARD DEVIATION - .26

ANNUAL DELAY -15394.945 HOURS
ANNUAL DEMAND - 512500 OPERATIONSI AVERAGE DELAY - 1.80 HINUTES/AIRCRAFT

I
!
I
I

!
1

I
1
' I III ' I I .. . ..- , ; . : - :"- .'- - - .z '~ .. _ _ . ? . . . . . . -



Figure A2--1978 ANNUAL DELAY BASELINE 24
ANNUAL DELAY DISTRIBUTION

AVERAGE DELAY DZSTRZBUTION

(MHINUTES) PERCENT

#T LEAST LESS THAS OCCURRENCE

0.0 TO .2 7.649

.2 TO .4 16.073

.4 TO .6 13.019

.6 TO .8 18.686

.8 TO 1.0 15.142

1.0 TO 1.2 6.160

1.2 TO 1.4 4.954

1.4 TO 1.6 3.332

1.6 TO 1.8 2.624

1.8 TO 2.0 2.428

2.0 TO 3.0 5.798
3.0 TO 4.0 1.391

4.0 TO 5.0 .180

5.0 TO 6.0 .067

6.0 TO 7.0 .079

7.0 TO 8.0 .042

8.0 TO 9.0 .037

9.0 TO 20.0 .062

21.0 TO 22.0 .062

22.0 TO 23.0 .063

23.0 TO 24.0 .035

25.0 TO 26.0 .023

26.0 TO 27.0 .045

27.0 TO 28.0 .011

28.0 TO 29.0 .107

29.0 TO 30.0 .076

30.0 TO 31.0 .020

31.0 TO 32.0 .130

32.0 TO 33.0 .016

33.0 TO 34.0 .028

34.0 TO 35.0 .090

35.0 TO 36.0 .066

37.0 TO 38.0 .078

38.0 TO 39.0 .009

39.0 TO 40.0 .036

40.0 TO 41.0 .062

41.0 TO 42.0 .039

42.0 TO 43.0 .113

43.0 TO 44.0 .006

44.0 TO 45.0 .124

45.0 TO 46.0 .078

46.0 TO 47.0 .103

47.0 TO 48.0 .094

48.0 TO 49.0 .050

49.0 TO 50.0 .063

50.0 TO S.0 .002

51.0 TO 52.0 .073

52.0 TO 53.0 .036

53.0 TO 54.0 .024

54.0 TO 55.0 .057

56.0 TO 57.0 .0L5

57.0 TO 58.0 .090

59.0 TO 60.0 .087

60.0 TO 61.0 .082
6L.0 TO 62.0 .084

62.0 TO 63.0 .070
63.0 TO 64.0 .003

64.0 TO 65.0 .002

65.0 TO 66.0 .002
66.0 TO 67.0 .000

:EAN OF AVERAGE DELAY - 1.80

STANDARD DEVIATION - Z.77

I



Figure A3--1978 ANNUAL DELAY BASELINE
AVERAGE DAY, PEAK MONTH, 25
PEAK HOUR DELAYS

AVERAGE PEAK HOUR DELAY FOR
PEAK 4ONTH. AVG. DAY

PEAK HOUR NUMBER Of NUMBER OFRUNWAY WEATHER PERCENT AVERAGE DELAY SATURATED OVERLOADUSE GROUP OCCURRENCE (MINUTES) HOURS HOURS

1 1 59.5 1.6 0 01 2 4.0 3.3 0 0 /1 3 .9 63.6 18 It1 4 1.4 26.7 12 t02 L 0.0 0.0 0 02 2 0.0 0.0 0 02 3 0.0 0.0 0 02 4 .6 53.9 15 113 L 21.3 2.9 2 1
3 2 2.0 3.4 3 13 3 .0 64.1 I8 Ll3 4 .L 43.8 14 114 1 3.1 3.3 0 04 2 0.0 0.0 0 04 3 0.0 0.0 0 04 4 0.0 0.0 0 05 1 4.2 3.7 0 05 2 0.0 0.0 0 05 3 .0 63.6 18 113 4 0.0 0.0 0 0
6 1 2.1 59.2 17 116 2 0.0 0.0 0 O
6 3 0.0 0.0 0 06 4 0.0 0.0 0 07 1 1.6 4.1 0 07 2 0.0 0.0 0 07 3 0.0 0.0 0 07 4 0.0 0.0 0 0
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Experiment No. 15

Objective:

To obtain 1985 baseline delay estimates for the following

runway use in IFR 2 weather:

Arrival Runway Departure Runway

35R 35L

Related Comparison Experiments:

Experiment 31 estimates the delay impact of the implementation
of ASDE.

Results:

This experiment was performed for the six hours between 0600
and 1200 hours. By 1200 hours, arrival delays were in excess
of 2.5 hours and the run was stopped.

The high delays are due to an excess of demand over capacity.

Figure 15A shows that total aircraft flows vary from 8 to
60 aircraft per hour over the 6 hour simulation run. The
peak hour is from 0800 to 0900 hours and contains 31 arrival
aircraft and 29 departure aircraft.

Figure 15B shows that average delays to aircraft using the
runways are as high as 154 minutes per aircraft. Average
delays reach 154 minutes for arrival aircraft and 86 minutes
for departure aircraft by 1200 hours.
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FIGURE 15A--RUNWAY FLOW RATES

I140~
20 - - '----r_____I _ _____ !

.20 - ----- -

60 -i,'H- _ _
/

q4 -- - -_ _ _

4o/ '. ... i -- t
-r-4

i O .. ... il a I ..

, I ___-20 ,I - ! I ;; -

/ / II!.I i:tIi -* --- i--> -

0

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2:

Hour Beginning

FIGURE 15B--RUNWAY DELAYS

. . .-I . .. 'I _ _

12
-4 I i'10 - - - ~ - i- ... ... ___

>1 - _ _._ .-.... ....... _ __- -
. I-- - ;- -- - -'

10

HoArriv e gini

0 6 . .... .--L ..

4J 4 . .

2r

6 7 8 9 10 11 12 13 14 15 16 17 18 19' 20 21

Hour Beginning



£ I 28

I Experiment No. 18

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

17L-17R 17L-17R

Related Comparison Experiments:

Experiment 33 estimates the delay impact of an additional highf speed exit from Runway 17L.

Results:

Figure 18A shows that total aircraft flows vary from 29 to
119 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1100 to 1200 hours and contains 61 arrival
aircraft and 58 departure aircraft.

Figure 18B shows that average delays to aircraft using therunways are as high as 5.5 minutes per aircraft. Peak houraverage delays are 5.0 minutes for arrival aircraft and

i 1.6 minutes for departure aircraft.

I

I
l
I

Iaj
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FIGURE .18A--RUNWAY FLOW RATES
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I Experiment No. 29

P
Objective:

To estimate the delay impact of the availability of Runway 8L
for all jet departures (due to runway extension and/or low
temperatures).

I Related Comparison Experiments:

Experiment 4 is the 1985 baseline for the comparison.

Results:

Figure 29A shows that total aircraft flows vary from 27 to
115 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 56 arrival
aircraft and 59 departure aircraft.

Figure 29B shows that average delays to aircraft using the
runways are as high as 3.2 minutes per aircraft. Peak hour
average delays are 3.2 minutes for arrival aircraft and 0.9
minutes for departure aircraft.

Figure 29C shows that average delays to aircraft using the
taxiways are negligible.

Figure 29D shows that average aircraft taxi travel times vary
from 1.3 to 4.4 minutes. Peak hour average taxi travel times
are 3.8 minutes for arrival aircraft and 4.0 minutes for
depar+---e aircraft.

Comparison of these flows and delays with the corresponding
flows and delays estimated in Experiment 4 shows that small
savings in departure delays can be obtained with the avail-
ability of 8L for jet departures. These savings are small
because delays were also small in the basaline case.

*1

.i
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FIGURE. 29A--RUNWAY FLOW RATES
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I FIGURE 29C--TAXIWAY DELAYS
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I Experiment No. 30

b Objective:

To estimate the delay impact of the absence of an extension
of taxiway D between D2 and D2.

I Related Comparison Experiments:

Experiment 29 is the 1985 basis for comparison.

I Results:

Figure 30A shows that total aircraft flows vary from 27 to
115 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 56 arrival
aircraft and 59 departure aircraft.

Figure 30B shows that average delays to aircraft using the
runways are as high as 3.4 minutes per aircraft. Peak hour
average delays are 3.4 minutes for arrival aircraft and 0.9
minutes for departure aircraft.

Figure 30C shows that average delays to aircraft using the
taxiways are negligible.

Figure 30D shows that average aircraft taxi travel times vary
from 1.4 to 5.1 minutes. Peak hour average taxi travel times
are 3.9 minutes for arrival aircraft and 4.3 minutes for

departure aircraft.

A Comparison of these data with corresponding data estimated in
Experiment 29 shows that delays and travel times increase
slightly when the extension of Taxiway D is absent. In both
cases, delays and travel times are relatively low.

I
1

I

I
I j-
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FIGURE .30A--RUNWAY FLOW RATES
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FIGURE 30C--TAXIWAY DELAYS
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Experiment No. 31

Objective:

To estimate the delay impact of the implementation of ASDE

in IFR 2 conditions with the following runway use:

Arrival Runway Departure Runway

I 35R 35L

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

As for Experiment 15, this experiment was performed for the
six hours between 0600 and 1200 hours. By 1200 hours arrival
delays were in excess of 2.5 hours and the run was stopped.

l The high delays are due to an excess of demand over capacity.

Figure 31A shows that total aircraft flows vary from 8 to
64 aircraft per hour over the 16 hour simulation run. The
peak hour is from 0900 to 1000 hours and contains 33 arrival
aircraft and 31 departure aircraft.

IFigure 31B shows that average delays to aircraft using the
runways are as high as 150 minutes per aircraft. Average
delays reach 150 minutes for arrival aircraft and 82 minutes

£for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that the implementation
of ASDE results in a reduction in delays of up to 4 minutes
per aircraft.I

I
I

I

!
!
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FIGURE 31A--RUNWAY FLOW RATES
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fExperiment No. 33

Objective:

To estimate the delay impact of an additional high speed exit
on Runway 17L in VFR 1 weather with the following runway use:

Arrival Runways Departure Runways

17L-17R 17L-17R

I Related Comparison Experiments:

Experiment 18 is the 1985 baseline for comparison.

Results:

Figure 33A shows that total aircraft flows vary from 29 to
121 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1100 to 1200 hours and contains 63 arrival

I aircraft and 58 departure aircraft.

Figure 33B shows that average delays to aircraft using the
runways are as high as 5.5 minutes per aircraft. Peak hour
average delays are 4.9 minutes for arrival aircraft and
1.4 minutes for departure aircraft.
Comparison of these flows and delays with the runway flows and
delays for Experiment 18 shows that an additional high speed
exit on Runway 17L results in a slight reduction in delays to
aircraft.

I

I
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Attachment B

STAGE 1 DELAY EXPERIMENTS: INPUT DATA REVISIONS

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

I
i

I
I
I

Peat, Marwick, Mitchell & Co.

i August 1978

I

I
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Attachment B

STAGE 1 DELAY EXPERIMENTS: INPUT DATA REVISIONS

This attachment documents the major revisions to input data
from the data shown in Data Package No. 3.

1. Aircraft separations were revised to reflect FAA

Report No. FAA-EM-78-8A. Revised separations are
given below.

(a) 1978 VFR Separations

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 2.7 3.0 3.2 3.2
Aircraft B 2.7 3.0 3.2 3.2

Class C 3.5 3.8 3.2 3.2
D 5.3 5.6 4.9 4.0

Departure-Departure Separation (seconds)

Trail Aircraft Class
A B C D

Lead A 35 35 45 50
Aircraft B 35 35 45 50

Class C 50 50 60 60
D 120 120 120 90

(b) 1978 IFR Separations

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 3.7 3.9 4.1 4.1
Aircraft B 3.7 3.9 4.1 4.1

Class C 4.7 4.9 4.1 4.1
D 6.7 6.9 6.1 5.1

Departure-Departure Separation (seconds)

Trail Aircraft Class
A B C D

Lead A 60 60 60 60

Aircraft B 60 60 60 60

Class C 60 60 60 60
| D 120 120 120 90
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j(c) 1985 VFR Separations

Arrival-Arrival Separations (n.m.)

Trail Aircraft Class
A B C D

Lead A 2.6 2.9 3.0 3.0
Aircraft B 2.6 2.9 3.0 3.0
Class C 3.4 3.7 3.0 3.0

D 4.7 5.0 4.1 3.8

Departure-Departure separations (seconds)

Trail Aircraft Class
A B C D

Lead A 35 35 45 50
Aircraft B 35 35 45 50

Class C 50 50 60 60
D 120 120 120 90

(d) 1985 IFR Separations

Arrival-Arrival Separation (n.m.)

Trail Aircraft Class
A B C D

Lead A 3.7 4.0 4.1 4.1
Aircraft B 3.7 4.0 4.1 4.1

Class C 3.7 4.0 4.1 4.1
D 4.7 5.0 4.1 4.1

Departure-Departure Separations (seconds)

Trail Aircraft Class
A B C D

Lead A 60 60 60 60
Aircraft B 60 60 60 60

Class C 60 60 60 60
D 120 120 120 90
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1 2. Aircraft demand schedules were revised to reflect the
correct hourly distribution of traffic and to correct
errors in interpretation of the Speas forecast. Revised
demand schedules are given in updated Tables 3 and 4.
Revised hourly distribution of traffic is given below.

I % daily % daily % daily % daily
Hour traffic Hour traffic Hour traffic Hour traffic

1 00-01 1.6 06-07 3.1 12-13 7.2 18-19 6.9
01-02 0.9 07-08 3.5 13-14 7.1 19-20 4.9
02-03 0.1 08-09 5.4 14-15 6.2 20-21 3.8
03-04 0.5 09-10 7.0 15-16 5.5 21-22 2.6
04-05 0.5 10-11 6.7 16-17 5.8 22-23 2.8w 05-06 2.2 11-12 6.6 17-18 6.4 23-24 2.7

iI

,
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Attachment C

SUGGESTED STAGE 2 DELAY EXPERIMENTSI
I
I

i STAPLETON INTERNATIONAL AIRPORT

I Airport Improvement Task Force Delay Studies

I
i
I
I
I

I Peat, Marwick, Mitchell & Co.

August 1978
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PEAT, MARWICK, MITCHELL & CO.
P. O.BOX 8007

SAN FRANCISCO INTERNATIONAL AIRPORT

SAN FRANCISCO, CALIFORNIA 9428

Telephone: (415) 347-9521

September 11, 1978

Mr. Ray Fowler, AEM-100
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Input Data for Stapleton Delay Experiments

Dear Ray:

Enclosed is the input data package for Stapleton Stage 2
delay experiments (Attachment A) and a summary of average
daily delays for the Stage 1 experiments (Attachment B).
This data package should be reviewed at the Stapleton Task
Force Sub-group meeting which is scheduled to take place
on September 14, 1978.

Sincerely,

' Stephen L. M. Hockaday
Manager

SLMH/nbe
Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)

I

I

I
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Attachment A

ISTAGE 2 EXPERIMENTS: INPUT DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

September 1978
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INPUT DATA FOR EXPERIMENT NUMBER 5

Input data identical with Experiment 2 except:

j 1. No operations on Runway 25.

2. Revised arrival runway assignments are as follows:

Runway Aircraft Class
A B C D

26L 50% 50% 40% 100%
26R 50% 50% 60% 0%

I

I

1
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INPUT DATA FOR EXPERIMENT NUMBER 35

Input data identical with Experiment 15 except:

1 1. Arrivals and Departures can use both runways.

2. Operations on 35L and 35R are independent.

3. Revised runway assignments are as follows:

Runway Aircraft Class
A B C D

35L 50% 50% 50% 50%
35R 50% 50% 50% 50%

I
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INPUT DATA FOR EXPERIMENT NUMBER 36

a. LOGISTICS

1. Title: Stapleton International Airport Airfield
Simulation Model: Stage I Experiments

2. Random Number Seeds: 2017, 3069, 4235, 5873, 6981,
7137, 8099, 9355, 0123, 1985.

3. Start and Finish Times: 0830 to 2100

4. Print Options: Summary run for ten random number seeds.

5. Airline Names: Name Code

Rocky Mountain RM
Aspen AS
United UA
Braniff BN
Western WA
Continental CO
Trans World TW
Ozark OZ
Delta DL
North Central NC
Texas International TI
Frontier FL
Third Level Carriers TL

6. Processing Options: First run to check model input.

Other runs in COMPUTE mode.

7. Truncation Limits: +3 standard deviations.

8. Time Switch: Not applicable.

b. AIRFIELD PHYSICAL CHARACTERISTICS

9. Airfield Network: See separate drawing.

10. Number of Runways: 5

11. Runway Identification: 26L, 26R, 35L, 35R, 25
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12. Departure Runway End Links: 183, 113

13. Runway Crossing Links: 352, 346, 345, 344, 395,
400, 357, 356, 318, 321.

14. Exit Taxiway Location:

Distance from
Runway Taxiway Link Threshold (feet)

26L B-4,C-6 489,353 5,800
C-5 354 6,100
C-4 356 7,400
C-3 357 8,400

26R D-2 318 5,000
C-4 316 6,000
C-3 311 6,900
End 310 7,400

25 D-3 322 3,400

15. Holding Areas: Not applicable.

16. Airline Gates:
Airline

Airline Gate Area

Rocky Mountain 1
Aspen 1
United 2,3
Braniff 2
Western 3
Continental 3,4
Trans World 4
Ozark 4
Delta 4
North Central 5
Texas International 5
Frontier 5
Third Level Carrier 1

17. General Aviation Basing Areas:

Name Base Area Code

Combs Aviation GC
Beechcraft Aviation GB
Atlas Aviation GA

I

I
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I
c. ATC PROCEDURES

18. Aircraft Separations:

Arrival-Arrival Separation (n.m.)

VFR Trail Aircraft Class
A B C D

Lead A 2.4 2.6 2.7 2.7
Aircraft B 2.4 2.6 2.7 2.7

Class C 3.0 3.2 2.7 2.7
D 3.5 3.7 3.3 2.8

IFR Trail Aircraft Class
A B C D

Lead A 2.5 2.7 2.8 2.8
Aircraft B 2.5 2.7 2.8 2.8

Class C 3.0 3.2 2.8 2.8
D 3.5 3.7 3.3 2.8

Departure-Departure Separations (seconds)

VFR Trail Aircraft Class
A B C D

Lead A 35 35 45 50
Aircraft B 35 35 45 50

Class C 50 50 60 60
D 60 60 60 60

IFR Trail Aircraft Class
A B C D

Lead A 60 60 60 60
Aircraft B 60 60 60 60

Class C 60 60 60 60
D 60 60 60 60

19. Route Data: See Figure 1.

20. Two-Way Path Data: Not applicable.

.I
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Figure 1
TAXIWAY ROUTES:
ARRIVALS ON RUNWAYS 25, 26L & 26R
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I Figure 1 cont.
TAXIWAY ROUTES:
DEPARTURES ON RUNWAYS 35L & 35R
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21. Common Approach Paths:

Arrival Aircraft Length of Common
Runway Class Approach Path

25 A 1.0
26R A 3.0

B 3.0
C 5.5
D 5.5

26L A 5.5
B 5.5
C 5.5
D 5.5

22. Vectoring Delays:

This input normally allocates delays among vectoring
and holding. With profile descent at Stapleton, holding
occurs rarely, if ever.

Model input values will be used that preclude holding
for arrival aircraft.

23. Departure Runway Queue Control:

Departure runway assignments will be made to balance
departure queues where appropriate.

24. Gate Hold Control:

Hold aircraft at gate when departure queue at runway
is 10 or more.

25. Departure Airspace Constraints:

Aircraft are not held at gate due to departure airspace
constraints. Flow control constraints from other
Centers do not normally occur.

26. Inter-Arrival Gap:

With this runway use, arrival aircraft are not delayed
in the arrival airspace to release departures.

27. Runway Crossing Delay Control:

Arrival and departure runway operations are only
interrupted for a taxiing aircraft to cross an active
runway when the taxiing aircraft is delayed by 5 minutes
or more.

I
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d. AIRCRAFT OPERATIONAL CHARACTERISTICS

28. Exit Taxiway Utilization:

Exit Utilization (Percent)
A/C B-4
Class C-6 C-5 C-4 C-3

Runway A 100
26L B 54 15 31

C 24 54 22
D 50 50

A/C
Class D-2 C-4 C-3 End

Runway A 100
26R B 44 17 39

C 32 47 21
D 100

A/C
Class D-3

Runway A 100
25 B 100

29. Arrival Runway Occupancy Times:

Runway Occupancy Time (Seconds)
A/C B-4
Class C-6 C-5 C-4 C-3

Runway A 60
26L B 45 60 70

C 41 54 58
D 51 60

A/C
Class D-2 C-4 C-3 End

Runway A 55
26R B 36 49 61

C 31 47 55
D 60

A/C
Class D-3

Runway A 45
25R B 40



11

I
30. Touch & Go Occupancy Times:

Runway Occupancy
Time (Seconds)

Aircraft Standard
Class Mean Deviation

A 22 3
B 23 3
C 27 4
D 27 4

31. Departure Runway Occupancy Times:

Runway Occupancy
Time (seconds)

Aircraft Standard
Class Mean Deviation

A 23 3
B 26 3
C 37 4
D 37 4

32. Taxi Speeds: 5-30 mph depending on location.

33. Approach Speeds:

Approach Speed
(Knots)

Aircraft Standard
Class Mean Deviation

A 100 10
B 135 10
C 155 10
D 160 10

34. Gate Service Times: Not applicable.

35. Airspace Travel Times: See Table 1.

36. Runway Crossing Times:

Aircraft Runway Crossing
Class Time (Seconds)

A 12
B 14
C 17
D 20

I
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Table 1

AIRSPACE TRAVEL TIMES a

(minutes)
Stapleton International Airport

Stage 2 Experiments: Input Data

Aircraft Travel time to runways
Fisc Class SL/R 17L/1R 26/6 35/5

KIOWA 1, 2 15 16 12 12
-3 18 19 14 14

4 25 26 20 20

KEANN 1, 2 16 13 12 17
3 19 15 14 20
4 26 21 20 28

DRAKO 1, 2 14 11 16 17
3 16 13 18 20
4 23 19 26 28

BYSON 1, 2 13 16 16 13
3 15 19 19 15
4 21 27 27 21

"Pop-ups11 3 8 8 8 8
4 9 9 9 9

a. Nominal (undelayed) travel times.
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I
37. Lateness Distribution: See Table 2.

38. Demand: See Table 3.

I

I



3 14

I
Table 2

ARRIVAL AIRCRAFT LATENESS DISTRIBUTION
(Average deviation from schedule, excluding

I delays due to destination airport)

Amount of time Percent of flights
late or early late or early (%)

More than 15 min. early 0
less than 15 min. early 5
On time 24
less than 5 minutes late 29
5 to 10 minutes late 15
10 to 15 minutes late 9
15 to 30 minutes late 9
30 to 45 minutes late 4
45 to 60 minutes late 2
more than 60 minutes late 3

Source: Peat, Marwick, Mitchell & Co., analysis of
data provi&d by Stapleton Task Force.

i

II
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Experiment Number: - . ( Input changes from experiment number 36 ) 16

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

2 Random number seeds

3 Start and finish times

4 Print options

5 Airline names

6 Processing options

7 Truncation limits

0 Time switch

b. Airfield Physical Characteristics

9 Airfield network

10 Nmber of runways

11 Runway identification

12 Departure runway end links

13 Runway crossing Links

14 Exit taxiway location

15 Holding areas

16 Airline gates

17 General aviation basing areas

c. ATC Procedures

Is Aircraft separations tTca T , -

19 Route data

20 Two-way path data

21 Coin~n approach paths

22 Vectorinq delays

23 Departure runway queue control

24 Gate bold control

25 Departure airspace constraints

26 oepartue queue

27 Runway crossing delay control

d. Aircraft Coerational Characteristics

28 Exit taxiway utilization

29 Arrival runway occupancy times Increase to reflect IFR conditions.

30 Touch-and-qo runway occupancy times

31 Cepart.ure runway occupancy times

32 Taxi speeds

33 Approach speeds

34 Gate service times

35 Airspace travel times

36 Runway crossinq times

37 Lateness distribution

38 Oemand All arrivals on Runway 26L, all departures on

L__35L.



Experiment Number: 39 ( Input changes from experiment number 36) 17

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Lo o,.tics
I Tit.le

2 Rado number seele

3 Star-t an finish t.imLs

4 Print optons

5 Alins unames

6 Processinq options

7 Truncation limits

I Time switch

b. Airfield Physical Characteristics

9 Ai:fie.ld networ.k

10 .lumer of runways

1 3 Runway identification

12' Departure runway end links

13 Runway crossing links

14 Exit taxiway location

15 Holdinq areas

16 Airline gates

17 General aviation basing areas

c. ATC Procedures

18 Aircraft separations

19 Route data

20 T',o-way path data

21 Cocan approach paths

22 ecto izq delays

23 Zepature runway queue cont r"l

24 Cate .old cont.ol

25 :-epar-ure airspace constzainrs

26 Zeparture queue

27 Runway crossing delay control

d. craft Coerational Charact.eristics

29 Exi.t taxIway Ut. iaZ=ton

29 Arrival r-nway occupancy tims

30 7ouc.A-nd--o runway occupancy times

31 :*ear.re runway occupancy times

32 Taxi speeds

33 Approach1 speeds

34 Gate servie ties

". A.:soace travel times

-6 Rwnway crossing t~nes
37 a:teness diszrtbu-on

38 Z0ffan Increase air carrier demand by 10%.

- - -



i Experiment Number: 4n/ ( Input changes from experiment number 37 ) 18

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGEI a.a. Logistics

I Title

2 Random n-her seeds

3 Start and finish times

4 Print options

5 Airline names

5 Processing options

7 Truncation limits

0 Tim switch

b. Airfield Physical Characteristics

9 Airfield network

10 Number of runways

11 Runway identification

12 Oeparture runway end links

13 Runway crossing links

14 Exit taxiway Location

15 Holding areas

16 Airline gates

17 General aviation basing areas

_. ATC Procedures

18 Aircraft separations

19 Route data

20 Two-way path datia

21 Comn approach paths

22 Vectoring delays

23 Departure runway queue control

24 Gate hold control

25 Departure airspace constraints

26 Ueparture queue

27 Runway crossing dalay control

d. Aircraft Onerational Characteristics

28 Exit taxiway utilization

29 Ar-rival runway occupancy times

30 Touch-and-qo runway occupancy times

31 Departure runway occupancy times

32 Taxi speeds

33 Approach speeds

34 Gate service t4-es

35 Airspace travel times

36 Runway crossing times

37 Latenees dist.bution

38 Zomand Increase or reduce air carrier demand by 10%
(based on results of Experiment No. 37.)

.........



t Experiment Number:. 3  Input changes from experiment number 36 ) 19

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Logistics

1 Title

2 Random number seeds

3 Start and finish tme s

4 Print options

5 Airline names

6 Processing options

7 Truncation limits

8 Tim switch

b. Airfield Physical Characteristics

9 Airfield network

10 Number of runways

11 Runway Identification

12 Departure runway end links

13 Runway crossing links

14 Exit taxiway location

15 Holding areas

16 Airline gates

17 General aviation basing areas

c. ATC Procedures

18 Aircraft separations

19 Route data

20 Two-way path data

21 Coumon approach paths

22 Vectoring delays

23 Departure runway queue control

24 Gate hold control

25 Departure airspace constraints

26 Departure queue

27 Runway crossing delay control

d. kircraft O erationa. Characteristics

28 Exit taxiway utilization

29 Arrival r.nway occupancy times

30 Touch-and-go runway occupancy times

31 Cepar-ture runway occupancy times

32 Taxi speeds

33 Approach speeds

4 Gate service times

35 Airspace travel times

36 Runway crossing times

37 Lateness distribution

38 :emand Reduce general aviation demand 50%.
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SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE
a. Loaistics

I Title

2 Random number seeds

3 Start and finish times

4 Print options

5 Airline names

6 Processing options

7 Truncation limits

8 Time switch

b. Airfield Physical Characteristics

9 Airf Leld network

10 Number of runways

11 Runway identification

12 Departure runway end links

13 Runway crossing links

14 Exit taxiway location

15 Holding areas

16 Airline gates

17 General aviation basing areas

L. ATC Procedures

18 Aircraf t separations

19 Route data

20 Two-way path data

21 Common approach paths

22 Vectoring delays

23 Departure runway queue control

24 Gate hold control

25 Depart-are airspace constraints

26 :eparture queue

27 Runway crossing delay control

d. Aircraft Operational Characteris tics

28 Exit taxiway utilization

29 Arival runway occupancy times

30 Touch-and-go runway occupancy times

31 Depar-ure runway occupancy tines

22 Taxi speeds

33 Approach speeds

34 Gat. serrice tines

35 Airspace travel times

36 Runway crossing times

27 Lateness distribution

38 emand Air carrier demand increased to 1990 level.

... . ., m



I Experiment Number:j4 ( Input changes from experiment numberi ) 21

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

aistics

F Title

2 Random number seeds

3 Start and finish temes

4 Print options

5 Airline name

6 Processing options

7 Truncation limits

8 Time switch

b. Airfield Physical Characteristics

9 Aixfield network

10 lumber of runways

11 Runway identification

12 Departure runway end links

13 Runway crossing links

14 Exit taxiway location

15 Holding areas

16 Airline gates

17 General aviation basing areas

C. ATC Procedures

18 Aircraft separations

19 Route data

20 Two-way path data

21 Common approach paths

22 Vectoring delays

23 Departure runway queue control

24 Gate hold control

25 oepa ruze airspace constraints

26 Departure queue

27 Runway crossing delay control

d. Aircraft Coeorational Characteristics

28 Exit taxiway utilization

29 Arrival runway occupancy times

30 Touch-and-go runway occupancy times

31 Departure runway occupancy times

32 Taxi speeds

33 Approach seamds
24 Cate sevc times

3 5 Airspace tr=avel t.imes

36 R unway cros sing times

37 Latness dis tibution

3a emand Reduce general aviation demand 50%.
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I
INPUT DATA FOR EXPERIMENT NUMBER 65

Input data identical with Experiment 15 except:

1. New 5,000 foot N-S runway is implemented.

2. All class A and B aircraft arrive and depart
on new runway.

3. Operations on new runway independent of
operations on Runways 35L and 35R.

I
I .
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Attachment B

STAGE 1 EXPERIMENTS: INPUT DATA PACKAGE

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

September 1978

I



I 23

I
SUMMARY OF AVERAGE DAILY DELAYS

p (16-Hour Day)
(STAGE 1 EXPERIMENTS)

I Average Runway Delays
to Aircraft (Minutes)

i Experiment No. Arrivals Departures

2 1.3 2.1
4 1.7 0.9
8 2.3 1.7
9 0.7 2.0

10 * 4.0
11 * 1.9
13 0.8 1.8
15 * *
18 2.1 1.0
29 1.4 0.5
30 1.5 0.6
31 * *
33 2.1 1.0

I *Delays in excess of one hour due to extended
periods of time when demand exceeds capacity.I

I
I
I

I
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I PEAT, MARWICK. MITCHELL & CO.

P. 0.BOX 8007

PSAN PRANCISCO INTVRNATIONAL AIRPORT

SAN FRANCISCO. CALIFORNIA 94128

Telephone: (415) 347-9521

November 14, 1978

I
Mr. Ray Fowler, AEM-100
Federal Aviation Administration800 Independence Avenue, S.W.
Washington, D.C. 20591

IRe: Data Package No. 6 for Stapleton Delay Experiments

Dear Ray:

Enclosed is data package No. 6 for Stapleton International
Airport. The package contains the results of the Stage 2
delay experiments (Attachment A), a summary of delay infor-
mation from the Stage 1 and Stage 2 experiments (Attach-
ment B), and a suggested outline for the PMM&Co. airportIreport that documents the quantitative delay analysis per-
formed (Attachment C). This data package should be reviewed
by the Stapleton Task Force during the November 15, 1978
Task Force meeting.

Sincerely,

Stephen L. M. Hockaday
I Manager

SLMH/jc
i Enclosure

cc: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)

I

!
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Attachment A

RESULTS OF STAGE 2 DELAY EXPERIMENTS

i
I
I

STAPLETON INTERNATIONAL AIRPORTf
Airport Improvement Task Force Delay Studiesi

I

S

II
I Peat, Marwick, Mitchell & Co.

November 1978
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Experiment No. 5

Objective:

To estimate the delay impact of the closure of Runway 7-25,
in VFR 1 weather.

Arrival Runways Departure Runways

26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 2 is the 1978 baseline for comparison.

Results:

Figure 5A shows that total aircraft flows vary from 39 to
127 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 54 arrival
aircraft and 73 departure aircraft.

Figure 5B shows that average delays to aircraft using the
runways are as high as 9.4 minutes per aircraft. Peak hour
average delays are 3.0 minutes for arrival aircraft and
4.7 minutes for departure aircraft.

Comparison of the delays between 1100 and 1200 hours (the
period of maximum arrival delays) with the corresponding
delays for Experiment 2 shows that arrival aircraft delays
are doubled (from 4.7 minutes per aircraft to 9.4 minutes per
aircraft) due to the closure of Runway 7-25.

I
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Experiment No. 35

Objective:

To estimate the delay impact of providing for simultaneous
ILS approaches to Runways 35L and 35R in IFR 2 conditions.

Arrival Runways Departure Runways

35L, 35R 35L, 35R

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

Figure 35A shows that total aircraft flows vary from 8 to
99 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1800 to 1900 hours and contains 36 arrival
aircraft and 63 departure aircraft.

Figure 35B shows that average delays to aircraft using the
runways are as high as 15.4 minutes per aircraft. Peak hour
average delays are 0.3 minutes for arrival aircraft and
7.5 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that providing for
simultaneous ILS approaches to Runways 35L and 35R in IFR 2
conditions reduces aircraft delays significantly.
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Experiment No. 36

Objective:

To estimate 1985 baseline delay estimates for the following
runway use in VFR 1 weather:

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 39 estimates the delay impact of increasing air
carrier demand by 25%; Experiment 62 estimates the delay
impact of operating with 1978 general aviation demand levels
and Experiment 67 estimates the delay impact of having a
vortex hazard present.

Results:

Figure 36A shows that total aircraft flows vary from 11 to
131 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 66 arrival
aircraft and 65 departure aircraft.

Figure 36B shows that average delays to aircraft using the
runways are as high as 3.7 minutes per aircraft. Peak hour
average delays are 0.5 minutes for arrival aircraft and
3.7 minutes for departure aircraft.

IL
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FIGURE 36A AVERAGE RUNWAY FLOW RATES
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Experiment No. 37

Objective:

To obtain 1985 baseline delay estimates for the following
runway use in IFR 1 weather:

Arrival Runways Departure Runways

26L 35L

Related Comparison Experiments:

Experiment 41 estimates the delay impact of reducing air
carrier demand to a maximum of 90 operations per hour
(approximately at 10% reduction).

Results:

Figure 37A shows that total aircraft flows vary from 9 to
103 aircraft per hour over the 16 hour simulation run. The
peak hour is from 0900 to 1000 hours and contains 44 arrival
aircraft and 59 departure aircraft.

Figure 37B shows that departure delays range from 0 to 6.1
minutes, while arrival delays increase continually over the
day to 165 minutes by the end of the 16 hours. These very
high arrival delays are due to an excess of demand over
capacity. In practice, IFR weather rarely occurs for 16 hours
straight. In any event, delays of 165 minutes are unrealistic
as cancellations and diversions would occur before delays build
up to this level.

.......
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FIGURE 37A AVERAGE RUNWAY FLOW RATES
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Experiment No. 39

Objective:

To estimate the delay impact of increasing air carrier demand
by 25% in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure 39A shows that total aircraft flows vary from 11 to
152 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 75 arrival
aircraft and 77 departure aircraft.

Figure 39B shows that average delays to aircraft using the
runways are as high as 4.1 minutes per aircraft. Peak hour
average delays are 1.3 minutes for arrival aircraft and
4.1 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 36 shows that both arrival and
departure delays are increased, although not significantly,
when air carrier demand is increased by 25% in VFRI conditions.
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FIGURE 39A AVERAGE RUNWAY FLOW RATES
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Experiment No. 41

Objective:

To estimate the delay impact of reducing air carrier demand
by 10% in IFR 1 conditions.

Arrival Runways Departure Runways

26L 35L, 35R

Related Comparison Experiments:

Experiment 37 is the 1990 baseline for comparison.

Results:

Figure 41A shows that total aircraft flows vary from 11 to
96 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1800 to 1900 hours and contains some 42
arrival aircraft and 54 departure aircraft.

Figure 41B shows that average delays to aircraft using the
runways are as high as some 30 minutes per aircraft. Peak hour
average delays are some 28 minutes for arrival aircraft. There
is virtually no delay to departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 37 shows that by reducing air carrier
demand by 10% in IFR 1 conditions arrival aircraft delays are
reduced to the extent that the Airport could continue to operate
for some 16 hours in IFR 1 weather without significant cancel-
lations or diversions.
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FIGURE 41A AVERAGE RUNWAY FLOW RATES
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Experiment No. 43

Objective:

To estimate the delay impact of a reliever Airport, i.e.,g reduce general aviation demand by 50% in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

I Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

This experiment was not performed due to the low levels of
aircraft delay observed from the baseline experiment.
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jExperiment Nos. 51-58

Objective:

To determine average annual delays to aircraft in 1978,
1985 and 1990 under varying demand ATC scenarios and near-
term improvements.

Results:

With a 1978 demand level of 512,500 annual operations, average
annual delays were estimated to be 1.6 minutes per aircraft.
Under the "do-nothing" scenario (i.e., 1978 ATC scenario and
near-term improvements) average annual delays are estimated
to increase to some 2.0 minutes per aircraft in 1985 and to
some 4.8 minutes per aircraft in 1990.

Based on the most optimistic scenario (i.e., ATC scenarios and
near-term improvements being implemented in a timely fashion),
average annual delays are estimated to be some 1.6 minutes per
aircraft in 1985 and to be some 0.4 minutes per aircraft in
1990. Table 1, which summarizes the results for each of the
annual delay experiments, shows total annual delays, average
aircraft delays (on an annual basis), summarizes the distri-
bution of the average aircraft delays (percent of all delays
less than 1 minute, 5 minutes and 10 minutes) and shows the
average peak hour delays for the most frequent runway use,
i.e., arrivals on Runways 25, 26L and 26R, departures on
Runways 35L and 35R under VFR 1, VFR 2, IFR 1 and IFR 2
weather conditions.

... .1 2
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Experiment No. 62

Objective:

To estimate the delay impact of operating at 1990 air carrier
and 1978 general aviation demand levels in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure 62A shows that total aircraft flows vary from 35 to
140 aircraft per hour over the 16 hour simulation run. The
peak hour is from 0900 to 1000 hours and contains 71 arrival
aircraft and 6 departure aircraft.

Figure 62B shows that average delays to aircraft using the
runways are as high as 3.7 minutes per aircraft. Peak hour
average delays are 1.0 minutes for arrival aircraft and
3.7 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 36 shows that while aircraft delays
increase somewhat at these demand levels, the increase is
virtually insignificant.
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Experiment No. 64

Objective:

To estimate the delay impact of reducing general aviation
demand by 50% when the first six hours of the run (0600 to
1200) are under IFR 1 conditions.

Arrival Runways Departure Runways

IFR 1: 26L 35L

VFR 1: 25, 26, 26R 35, 35R

Related Comparison Experiments:

Experiment 68 is the 1985 baseline for comparison.

Results:.

Figure 64A shows that total aircraft flows vary from 11 to
111 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 59 arrival
aircraft and 52 departure aircraft.

Figure 64B shows that average delays to aircraft using the
runways are as high as 48 minutes per aircraft. Peak hour
average delays are 45 minutes for arrival aircraft and
2.5 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 68 shows that both arrival and
departure delays are reduced significantly with a 50%
reduction in general aviation demand (for this combination
of weather conditions). Arrival delays are dramatically
reduced (by as much as 30 minutes in some hours).
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Experiment No. 65

Objective:

To estimate the delay impact of a new 5,000-foot N-S runway
(Runway 34) in IFR 2 conditions.

Arrival Runways Departure Runways

34, 35R 34, 35L

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

Figure 65A shows that total aircraft flows vary from 8 to
95 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1800 to 1900 hours and contains 43 arrival
aircraft and 52 departure aircraft.

Figure 65B shows that average delays to aircraft using the
runways are as high as some 21 minutes per aircraft. -Peak
hour average delays are some 21 minutes for arrival aircraft
and 3.9 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that a new 5,000-foot
N-S runway will significantly reduce aircraft delays in
IFR 2 conditions.
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FIGURE 65A AVERAGE RUNWAY FLOW RATES
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Experiment No. 67

Objective:

To estimate the delay impact of the presence of vortex
hazards in VFR 1 conditions.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure 67A shows that total aircraft flows vary from 11 to
135 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 66 arrival
aircraft and 69 departure aircraft.

Figure 67B shows that average delays to aircraft using the
runways are as high as 5.0 minutes per aircraft. Peak hour
average delays are 0.9 minutes for arrival aircraft and
5.0 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 36 shows that the presence of vortex
hazards increases departure runway delays significantly.

L, ,
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FIGURE 67A AVERAGE RUNWAY FLOW RATES
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i Experiment No. 68

Objective:

To obtain 1985 baseline delay estimates for the following
runway use when weather conditions are IFR 1 for the period
0600 to 1200 hours and VFR 1 for the period 1200 to 2200
hours.I

Arrival Runways Departure Runways

j IFR 1: 26L 35L

VFR 1: 25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 64 estimates the delay impact of reducing general
aviation demand by 50%.

Results:

Figure 68A shows that total aircraft flows vary from 17 to
125 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 63 arrival
aircraft and 62 departure aircraft.

Figure 68B shows that average delays to aircraft using the
runways are as high as some 63 minutes per aircraft. Peak
hour average delays are some 54 minutes for arrival aircraft
and 3.5 minutes for departure aircraft.

i
I

I
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FIGURE 68A AVERAGE RUNWAY FLOW RATES
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Experiment No. 69

Objective:

To estimate the delay impact of extending Runway 26R east
to equal the length of Runway 26L.

Arrival Runways Departure Runways

IFR 1: 8L, 17L 8R

VFR 1: 8L, 17L, 17R 7, 8R

Related Comparison Experiments:

Experiment 70 is the 1985 baseline for comparison.

Results:

Figure 69A shows that total aircraft flows vary from 18 to
110 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 52 arrival
aircraft and 58 departure aircraft.

Figure 69B shows that average delays to aircraft using the
runways are as high as 13 minutes per aircraft. Peak hour
average delays are 3.8 minutes for arrival aircraft and
0.8 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 70 shows that extending Runway 26R
reduces departure delays by as much as 2 minutes per aircraft
in some periods of the day.

LS
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FIGURE 69A AVERAGE RUNWAY FLOW RATES
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Experiment No. 70

Objective:

To obtain 1985 baseline delay estimates for the following
runway use when weather conditions are IFR 1 for the period
0600 to 1200 hours and VFR 1 for the period 1200 to 2200
hours.

Arrival Runways Departure Runways

IFR 1: 8L, 17L 8R

VFR 1: 8L, 17L, 17R 7, 8R

Related Comparison Experiments:

Experiment 69 estimates the delay impact of extending Run-
way 26R east to equal the length of Runway 26L.

Results:

Figure 70A shows that total aircraft flows vary from 18 to
112 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 52 arrival
aircraft and 60 departure aircraft.

Figure 70B shows that average delays to aircraft using the
runways are as high as 12 minutes per aircraft. Peak hour
average delays are 3.1 minutes for arrival aircraft and
1.8 minutes for departure aircraft.

!'I
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FIGURE 70A AVERAGE RUNWAY FLOW RATES
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t Experiment No. 71

Objective:

To estimate the delay impact of two independent IFR 1 arrival
streams.

Arrival Runways Departure Runways

17L, 26R 26L

Related Comparison Experiments:

Experiment 10 may be used as a baseline for comparison of
arrival delays.

Results:

Figure 71A shows that total aircraft flows vary from 19 to
105 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 52 arrival
aircraft and 53 departure aircraft.

Figure 71B shows that average delays to aircraft using the
runways are as high as 9.3 minutes per aircraft. Peak hour
average delays are 4.2 minutes for arrival aircraft and
7.2 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 10 shows that with two independent
arrival streams in IFR 1 conditions arrival delays are reduced
significantly.
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FIGURE 71A AVERAGE RUNWAY FLOW RATES
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Experiment No. 72

Objective:

To estimate the delay impact of arrivals of Runway 25 inter-e acting with arrivals on Runway 26R.

Arrival Runways Departure Runways

25, 26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 9 is the 1985 baseline for comparison.

Results:

Figure 72A shows that total aircraft flows vary from 28 to
116 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 58 arrival
aircraft and 58 departure aircraft.

Figure 72B shows that average delays to aircraft using the
runways are as high as 4.1 minutes per aircraft. Peak hour
average delays are 1.4 minutes for arrival aircraft and
3.9 minutes for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 9 shows that at 1985 demand levels
dependency between aircraft on Runways 25 and 26L does not
significantly impact arrival aircraft delays.
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FIGURE 72A AVERAGE RUNWAY FLOW RATES
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PMM&CO. DELAY STUDY REPORT OUTLINE
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' iPMM&Co. Delay Study Report Outline

Executive Summary

Relationship to other Reports

Summary of Results

Background

j History and Objectives of Task Force

Capacity Analysis and Interim Report

I Delay Study Steps and Meetings

Model Calibration

Data Collection and Reduction

IModel Runs and Comparisons
I Experimental Design

Stage 1 and 2 experiments

Delay Results

Results for each experiment

JConclusions from experiments
Appendices

Definition of terms

List of Data Packages
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PEAT, MARWICK, MITCHELL & CO.
P. O. BOX 8007

SAN FRANCISCO 1lrrERNATIONAZ AIRPORT

SAN FRANCISCO, CALIFORNIA 9486

Telephone: (415) 347-9521

December 8, 1978

Mr. Ray Fowler, AEM-100
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Re: Data Package No. 7 for Stapleton Delay Experiments

Dear Ray:

Enclosed is Data Package No. 7 for Stapleton International
Airport. The package contains the results of Experiment 36a,
revised results for Experiments 65 and 69 (Attachment A),
and the input data for some experiments previously run
(Attachment B).

This data package should be reviewed by the Stapleton Task
Force during the December 11, 1978, Task Force meeting.

Sincerely,

S. L. M. Hockaday

Manager

SLMH/sh

cc.: Mr. J. R. Dupree (ALG-312)
Mr. F. Jaeger (ARM-4)
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STAGE 2 DELAY EXPERIMENTS: REVISED AND
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Experiment No. 36a

Obj ective:

To estimate the delay impact of closing Runway 7-25 in VFRI
weather:

Arrival Runways Departure Runways

26L, 26R 35L, 35R

Related Comparison Experiments:

Experiment 36 is the 1990 baseline for comparison.

Results:

Figure (36A)A shows that total aircraft flows vary from 12 to
131 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1009 to 1100 hours and contains 66 arrival
aircraft and 65 departure aircraft.

Figure (36A)B shows that average delays to aircraft using the
runways are as high as 3.8 minutes per aircraft. Peak hour
average delays are 3.7 minutes for arrival aircraft and
3.8 minutes for departure aircraft.

Comparing these flows and delays with experiment 36 shows
that closure of Runway 7-25 causes delays to arrival aircraft
to increase by some 3 minutes in the peak hour.

I
i
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FIGURE (36A) A AVERAGE RUNWAY FLOW RATES
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Experiment No. 65

Objective:

To estimate the delay impact of a new 5,000-foot N-S runway
(Runway 34) in IFR2 conditions.

Arrival Runways Departure Runways

34, 35R 34, 35L

Related Comparison Experiments:

Experiment 15 is the 1985 baseline for comparison.

Results:

Figure 65A shows that total aircraft flows vary from 5 to
82 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1000 to 1100 hours and contains 42 arrival
aircraft and 40 departure aircraft.

Figure 65B shows that average delays to aircraft using the
runways are as high as some 75 minutes per aircraft. Peak
hour average delays are some 5.7 minutes for arrival aircraft
and 20.1 minutes for departure aircraft.

The high delays are due to an excess of demand over capacity.

Comparison of these flows and delays with the runway flows
and delays for Experiment 15 shows that a new 5,000-foot
N-S runway will significantly reduce aircraft delays in
IFR2 conditions.

I



iW6

V

FIGURE 65A AVERAGE RUNWAY FLOW RATES
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Experiment No. 69

Objective:

To estimate the delay impact of extending Runway 26R east
to equal the length of Runway 26L.

Arrival Runways Departure Runways

IFRl: 8L, 17L 8R

VFRl: 8L, 17L, 17R 7, 8R

Related Comparison Experiments:

Experiment 70 is the 1985 baseline for comparison.

Results:

Figure 69A shows that total aircraft flows vary from 18 to
111 aircraft per hour over the 16 hour simulation run. The
peak hour is from 1200 to 1300 hours and contains 51 arrival
aircraft and 66 departure aircraft.

Figure 69B shows that average delays to aircraft using the
runways are as high as 12 minutes per aircraft. Peak hour
average delays are 0.6 minute for arrival aircraft and
0.3 minute for departure aircraft.

Comparison of these flows and delays with the runway flows
and delays for Experiment 70 shows that extending Runway 26R
reduces departure delays by as much as 1.7 minutes per aircraft
in some periods of the day.
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FIGURE 69A AVERAGE RUNWAY FLOW RATES
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Attachment B

STAGE 2 DELAY EXPERIMENTS: ADDITIONAL INPUT DATA

STAPLETON INTERNATIONAL AIRPORT

Airport Improvement Task Force Delay Studies

Peat, Marwick, Mitchell & Co.

December 1978
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Stage 2 Delay Experiments

Attached are additional input data for Experiments 51
through 58 and 67 through 72. These data were not included
in prior packages.

'I



Inputs for Annual Delay
Model Experiments

Experiment Input Changes from Description of
I Number Experiment Number Input Changes

54 50 1985 Demand
52 54 1985 ATC
53 54 1985 Near-Term Improvements
51 53 1985 ATC
58 50 1990 Demand
56 58 1990 ATC
57 58 1990 Near-Term Improvements
-55 57 1990 ATC

I

I
i
I

I

I
I

I
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Capacity Inputs to Annual Delay Model:
1978 Baseline

Hourly Runway Capacity
Runway Use Weather (50% Arrivals)

1 VFRl 165
VFR2 135
IFRl 63
IFR2 63

2 IFR2 59

3 VFRl 125
VFR2 117
IFRl 63
IFR2 60

4 VFRl 109

5 VFRI 130
IFRl 63

.6 VFRl 86

7 VFRl 115
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Experiment Number: 67 ( Input changes from experiment number 36

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGEI Titl

a . Lootatics

a Random n"" seeds
3 Start and finish time

4 Print opt.ons

5 Airline name

& Processeing optimns

7 runcation li.aits

I Tim switI

L. AirftJd Physical Charactaristics

S Aixtil4 network

10 4umbez of runways
1. Runway identLfication

12 Departure rummy end links

13 Runway crossinq link

14 2it taxivay location

15 molding area

16 Airline gates

17 General aviation basing areas

c. AMC Procedures

Is Aircraft separations Chan e separations to reflect vortex hazards

19 Pouts data

20 To-way path data

21 Comon approach paths_ ___

22 Vactorinq delays

23 Departure runway queue control

24 Gate hold control

25 Departure &ispace constraints

26 Departure queue

27 Runway crossinq delay control

d. Aircaft Oerational Characteistics
21 Zxi: taxvay utilization

29 Arrival runway occupancy time

30 ToucA-and-ao runway occupancy times

31 Departure runway occupancy times

32 Taxi speeds
.33 Approach speeds

34 Gate sairrias tim

33S Airspace travel. timea

36 Rqunway crossing ti me

37 La.teness ditritbuti£on

30 Demand
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Experiment Number: 68 ( Input changes from experiment number 10)

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Lgistics

L Title

2 landao Mae seeds
3 $tact and f ansh times

4 Print options

5 Airline names
6 Processnqr options

7 Transcation Limits

I Time sic Implement for IFR to VFR change at 12:00 noon

b. Airfiel4 Physical Characteuitics

9 Air iald network

10 VWWer of rumways

.1 Runway identification

12" Oparture runway ad Links

13 Runway crossing Links

.4 Exit taxiway location

L5 Holdianq area
16 Ai.rLin gates

1.7 General aviation basinq areas

.- ATC Procedues

1 8 Araraft separations Add VFR separations after 12:00 noon

19 Route data
20 TWo-Way path data

21. Comma approach paths Change to VFR paths after 12:00 noon

22 Vectorinq delays
23 Departure runway queue control

24 Cate hold control

25 Depaxrture airspace constraints
26 Departure queue

27 R=tway crossing delay control

d. Aircraft OperatiAonal characteristics

20 Zxit t~axiavy utliaton

29 Arrival runway occupancy times Change to VFR paths after 12:00 noon
30 Touchoand-jo runway occupancy times

31 Oeparture runway occupancy times
32 Taxi speeds

33 Approach speeds

34 Gate service times
33 Airspace travel times
36 Runway crossinq times

37 Lateness distribution

38 Demand
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Experiment Number: 69 ( input changes from experiment number 70 )

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. LAistics

I Title

2 Random number seeds

3 Start and in s L times

4 Pilnt options

5 Airline names

G Processing options

7 Truncation limits

I Tim switch

b- Airfield Physical Characteristics

9 Airfield network

10 Number of runways _____________________________

11 Runway identification

12" Departure runway end links

13 Aunvay crossing links

14 Exit taxivay location

15 Balding areas

16 Airline gates

17 General aviation basing areas

c. ATC Procedures

11Aircraft sepaain%_____________________________

19 Route data

20 Two-way path data

21 Comon approach paths_

22 Vectoring delays

23 Departure runway queue control

24 Gato hold control

25 Departure airspace constraints

21 Departure queue
27 Runway crossing delay control

d. Aircraft 0ogrational Characteristics

28 Exit taxiway utilization

29 Arrival runway occupancy timmes

30 Touch-and-qo runway occupancy times

31 Departure runway occupancy times
32 Taxi speeds

33 Approach speeds

34 Gate service times

35 Airspace travel times

36 Aunway crossing tines

37 Lateness distribution

31 De d Revise runway utilization



Experiment Number: 70 ( Input changes from experiment number 6 8 )

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Logistics, '5. TiUtle

I Roadas nuer seeds

3 start and finish time

4 Print options

3 ALZItne name

G ftoceseiny options

7 tu ati.on limit.s

0 Tim Witch

b. !j t "slA '"weiaa, .ag" .i Sti l

9 Airfi~eld network

10 m.,,.ber of runways__ __""__"_._'__ __

11 ~Amway Wdatij iation

12" Depart re rumay an Links Revise to reflect proper runways

13 RuAway crossing Links Revise to reflect proper runways

14 KIu.t ta ivay location Revise to reflect proper runways

15 Noldinq areas

Is Air line gates

17 General aviation basin areas

. ATC focedure,

Is1 Airerai t separarions

19 Route data

20 Two-way path data

21 Comma approach paths

22 Vectoring delays

23 Departure runway queue control

24 Cate hold control

25 Departure airspace constrawats

26 Departure queue

27 Aunvay crossing delay control

4.Aircraft 0Goeratlonal chatarIttcs

2i lxi. :a .ey %ti..ation Revise to reflect proper runways

2I Arrival runway occupancy ti e Revise to reflect proper runways

30 ?ouch-an4-Io runway occupancy time

31 Departure runway occupancy tinse

32 ?aaU speeds

33 Approach speeds

34 Gate sorvts tims

35 ALrspace travel time

36 R1unway aressing tufm$

37 Lateness distzihbution

33 Doe"nn Reassign runwaysj
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Experiment Number: 71 ( Input changes from experiment number 10

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. Logistics

I TtlIe !

2 Randoi number seeds

3 Start and finish times

4 Print options

5 Airline names

6 Processing options

7 Truncation limits

a Tim. switch

b. Airtield Physical Characteristics

9 Airfield network

10 Number of runways

11 Runway identification

12' Departure runway end links

13 Runway crossing links

14 Exit taxiway location

1S 5b1ding areas

16 Airline gates

17 General aviation basing areas

c. ATC Procedures

Is Aircraft separations Revise to reflect independent arrival streams

19 Rouse data

20 Two-way path data

21 Common approach paths

22 Vectoring delays

23 Departure runway queue control

24 Gate hold control

25 Departure airspace constraints

26 Departure queue

27 Runway crossing delay control

d. Aircra t Operational Characteristics

28 Exit taxiway utilization

29 Arrival runway occupancy times

30 Touch-and-go runway occupancy times

31 Departure runway occupancy times

32 Taxi speeds

3 Approach speeds

34 Gate service times

35 Airspace travel times

36 Runway crossing times
37 Lateness distribution

31 Demand Revise runway utilization
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Experiment Number: 72 ( Input changes from experiment number 9

SIMULATION MODEL INPUT DESCRIPTION OF INPUT CHANGE

a. LOgiStiCS

1 Title

2 Random number seeds

3 Start and finish times

4 Print options

5 Airline names

i Processing options

7 Truncation limits

I Time switch

b. Airfield Physical Characteristics

9 Airfield network

10 .Iumbar of runways

11 Runway identification

12" Departure runway end Links

13 Runway crossing links

14 Exit taxiway Locatin

15 Bolding areas
14 Airline gates

17 General aviation basing areas

c. ATC Procedures
1s Aircraft separations Revise to reflect dependency between 25an z1

19 Route data
20 Two-way path data

21 Comn approach paths

22 Vectorinq delays

23 Departure ruway queue control

24 Gate hold control

25 Departure airspace constraints

26 Departure queue

27 Runway crossing delay control

d-- Aircraft 0.oratioal Characteistics

28 Exit taxiway urtilizatton

30 Touc."-and.,qc runway occupancy ties

31 Oeparture runway occupancy times

32 Taxi speeds

33 Approach speeds

34 Gate service times

35 Airspace travel times
36 -Runway crossing times

37 Lateness distribution

38 Demand Reduce general aviation demand 50%

., .A " :



Telephone: (415) 347-9521

December 22, 1978

Mr. Ray Fowler, AEM-100
Federal Aviation Administration
800 Independence Avenue
Washington, D.C. 20591

Res Delays to Aircraft at Denver with 2-1/2 Mile

Separations

Dear Ray:

In response to your request, PMM&Co. has conducted two addi-
tional annual delay model. experiments No. 55A and 56A for
Stapleton International Airport. The experiments were
performed with 1990 demand, with intermediate term separa-
tions defined in FAA-EM-78-78A, and with and without the
Denver 1990 airfield improvement package.

The results are given in the following tabulation which also
presents results from other experiments for comparison.

averizent Aixfiel Average Aircraft

so Today (3) NM- 4.8
36A atnrmdiate (2-1/2) Soe 2.5
56 Far (2) mcne 1.2
57 Today (3) 1990 0.8

55A Intezumdiate (2-1/2) 1990 0.5
5S rar (2) 1990 0.4

Please let me know if you have any couments on these experi-
ments and also if you would like these results incorporated
into the Denver final report.

Sincerely,

Stephen L. M. Hockaday
Manager

SLMB/sq bcc: D. Maddison
H. Fan

ca: Mr. J. R. Dupree, ALG-312 S. L. M. Hockaday
Mr. A. Haines (MITRE)



Telephone: (415) 347-9521

March 1, 1979

Mr. Mike Scott (ATF-4)
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Subject: Revised Baseline Values

Dear Mike:

Enclosed are revised values of baseline (1978) annual delay
requested by the Stapleton Task Force. These values reflect
Task Force concerns on (i) arrival operations on Runway 25;
(ii) departure constraints due to airspace conflicts; and
(iii) delays due to metering rates and runway use changes.
The output also provides information on arrival and depar-
ture delays in addition to average delays.

These revised values respond to Task Force concerns about
the annual delay values. PMM&Co. plans to meet with members
of the Stapleton Task Force on March 8, 1979, to review these
values. If you have any questions or comments, please let us
know.

Sincerely,

Henry Fan
Senior Consultant

HP/nlm
Enclosure

cc: Mr. J. Dupree, ALG-312 (w/o encl)
Xr. F. Jaeger, FAA-RM Region (w/encl)
Mr. K. Aountjoy, UAL (w/encl)

bcc: TF Proj Den (w/encl)
S. L. M. Hockaday (w/encl)

(Addressee w/o encl)



SUM1ARY OF BASELINE ANNUAL DELAY EXPERIV NT

Annual Demand: 512,500
Annual Delay: 24,243 hours
Average Aircraft Delay: 2.8 minutes

Average peak-hour delays for arrivals on 25, 26L, 26R, and
departures on 35L, 35R:

Aveae Peak-Hour Delays (minutes) a

VFR 1FR
Depar- Depar-

Arrivals tures Average Arrivals tures Average

Average Day,
Peak Month 3.2 0.4 2.1 60+ 60+ 60+

Peak Day,
Peak Month 3.5 0.4 2.3 60+ 60+ 60+

Low Day,
Low Month 1.9 0.3 1.2 42.8 24.3 33.8

a. Note that delays are averages for both commercial and general aviation
aircraft. Therefore, air carrier average delays can be expected to be
higher. For example, peak-hour air carrier arrival delays for an
average day peak month may be close to 5 mintues compared to an average
of 3.2 minutes for all arrival operations.

--I--



Telephone: (413) 347-9521

March 12, 1979

Mr. Mike Scott (AT-4)
Federal Aviation Administration
800 Independence Avenue, S.W.
Washington, D.C. 20591

Subject: Baseline Runway Capacities for Denver Stapleton
International Airport

Dear Mike:

In response to a request of the Stapleton Task Force during
our meeting on March 9, 1979, enclosed are baseline (1978)
runway capacity values. We will be preparing runway capa-
cities and annual delay values for the remaining nine (9)
annual delay experiments in the near future. We are currently
planning to present the results to the Stapleton Task Force
in their April 12, 1979 meeting. If you have any questions
or conmments, please let us know.

Sincerely,

Henry Fan
Senior Consultant

HF/nbe
Enclosure

cc: Mr. J. Dupree, ALG-312 (w/o encl.)
Mr. F. Jaeger, FAA-RM Region (w/encl.)
Mr. K. Mountjoy, UAL (w/encl.)

bcc: TFD Proj. Den (w/encl.)"
S. L. M. Hockaday (w/encl.)

(addressee without enclosure)



Baseline (1978) Runway Capacities
Denver Stapleton International Airport

Runway Hourly Runway Capacity at 50% Arrivals
Use Arrivals Departures VFR1 VFR2 IFRi 1FR2

1 25, 26L/R 35L/R 150 135 63 63

2 35R 35L 95 95 63 59

3 17L/R 7, 8L/R 125 117 63 60

4 25, 26L/R 26 L/R 102 -a - -

5 8L/R 35L/R 130 121 63 63

6 17L/R 17L/R 90 - - -

7 8L/R 7, 8L/R - 116 - -

a. Configuration rarely used under this weather condition, capacity
not computed.

wa7



Telephone: (415) 347-9521

February 2, 1978

Ar. Philip LaRochelle, AEI-100
Federal Aviation Administration
300 Independence Avenue, S.W.
Washington, D.C. 20391

Re: Preliminary Delay Analysis for
Stapleton International Airport

Dear Phil:

Attached are the results of our preliminary delay analysis
to assess the impact of the closure, during part of 1973,
of Runway 8R-26L at Stapleton International Airport.

It should be pointed out to all concerned that these results
are both preliminary because they have not baen reviewed or
accepted by the Stapleton Task Force, and approximate, because
they are derived from si:plified "Handbook type" analysis
techniques and not from airfield simulation model runs.

Sincerely yours,

Stephen L. :1. Hockaday
!anac'er

SL>IH/jc
Tnclosures

cc: :'r. F. Jaeger (.AR-4)
Ar. 3. . Dupree (AL -312)



Attachment

Preliminary Delay Analysis for
Stapleton International Airport

The preliminary analysis developed approximate estimates of
increases in daily and peak-hour delays to aircraft due to
the closure of Runway 8R-26L. Delay increases were developed
for VFR 1 weather conditions, for three different demand levels:

o Average daily traffic August 1977*

o Average daily traffic April-November 1977
(which corresponds to a 14% decrease)

o Average daily traffic in August 1977 plus
10%

Delays were developed for three different runway uses that include
closure of Runway 8R-26L:

Runway Use Arrivals Departures

25, 26R 35L, 35R

B 17L, 17R 17L, 17R

C 8L, 17L, 17a 7, 3L, 17L, 17R

Delays were also developed for a baseline case that includc3
operations on Runway 8?-26L (arrivals on 25, 26L, and 2R, and
departures on 35L and 35P). The delay increases show.m in
Table 1 were developed by subtracting baseline dolays from the
delays computed for the three runway uses A, B, and C, with
Runway 3s-26L closure.

*Thirteen hours 8:00 a.7r. through 9:00 p.m.
**During arrival peak periods, Aunways 17L and 171 are also

used for arrivals with no derartura operations on
lunways 35n and 35-.
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